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PREFACE 


iANY steps in advance have been taken in Diesel Engine^ing 
* since the day, toward the end of the nineteenth century, wheti 
Rudolf Diesel proposed to compress pure air only in the cylinders^ 
an internal-combiistion engine, and to inject the fuel—in this case, 
^rst, crude oil—when the end of the compression stroke was reached. 
That proposal was indeed a stroke of genius, and like many 
ther in the world of discovery and invention, it passed unnoticed 
a while in the field of American transportation. The gasoline 
;ine was being developed as motive power for the automobile; and 
isportation heads were filled, like those of the public, with the 
sibilities or threats of the gas-powered motor-car. Hence the Diesel 
»ine had to wait, and it is only in recent years that it began to 
le into its own as an improved form of motive power for railway 
asportation. 

Today Diesel-electric locomotives are in service on many railroads 
this and other countries, and their development and use are 
gressing at a rapid rate. Ever since the Diesel was first designed 
heavy duty, the recognition of its \alue and reliability for the 
•poses of industry and transportation has been increasing; and with 
demand for Diesel engines has grown the parallel demand for 
4 willing to learn how to operate, service, and maintain them. 

Many such men are in railway and industrial employ, watching 
li interest the steady advance of Diesel engineering and Diesel ac- 
iplishments. For such men, and all other young and ambitious 
I of a practical turn of mind, the Railway Educational Department 
the American Technical Society has prepared this and other 
imes of instructive text, dealing with the subject of Diesel Engi- 
ring and allied topics. This volume on Electrical Diesel and another 
•ime on Mechanical Diesel should go far toward giving the earnest 
dent an exact and expert knowledge of this modern and important 
.nch of engineering. 

This text deals in the utmost detail with the electiical equipment 
^he Diesel engine, with particular reference to its adaptation and 
in railway transportation. The text is the well-considered work of 




eminently practical and competent authovs, tlw folloWin^ JllCn l^VW^ 
collaborated in its preparation and constituting its authority: 

John Draney, In charge of Diesel Question and Answer Depa’*' 
ment, Brotherhood of Locomotive Firemen and Engineme 
Magazine. 

R. T. Sawyer, M.E., E.E., Engineer, Diesel Equipment, Amer* 
Locomotive Co., and Member of American Institute of Elect 
Engineers; American Society of Mechanical Engineers, and Soc 
of Automotive Engineers. 

Max Essl, M.E., Chief Consulting Engineer, Baldwin Locoim 
Works. 

A. H. Candee, Transportation Engineer, Westinghoiise Elec. 

& Mfg. Co. East Pittsburgh, Pa. 

H. B. Ellis, Service Manager, Electromotive Division, Gene 
Motors Corp., LaGrange, Ill. 

C. A. Church, Transportation Dept., General Electric Compan; 
Erie, Pa. 

Clayton L. Smythe, M.E., Railway Educational Director 
Founder and President, Railway Training Institute. 

Hugh Christie, M.A., M.E., Vice-President, Railway Divis 
Whiting Corp., Harvey, Ill. 

L. W. Downey, Superintendent, Automotive Equipment, Chica 
Rock Island & Pacific Ry. Co., Chicago, 111. 

H. V. Gill, Supennsor Diesel Engines, Santa Fe Railway Sys 

Richard R. Ranson, B.S., E.E., Engineering Dept., Cl 
Hammer, Inc., Milwaukee, Wis. 

David P. Moreton, B.S., E.E., Professor of A.C. and D.C. 
chinery, Illinois Institute of Technology, Chicago, Ill. 

Thus, with this invaluable aid and cooperation, we have succev 
in producing for students of Diesel Engineering a most practical 
reliable source of information and instruction, for the special be^ 
and use of railway employes and others who ma}^ be, or who dt • 
to be, concerned with the construction, operation, servicing, 
general maintenance of Diesel motive power in railway service. 

The authors and collaborators wish to acknowledge the inesti 
ble value and cooperation of the Editorial Ad\'isory Board listed, > 
have cooperated and helped in making this work a success. 

They also wish to acknowledge the use of the technical mate 
and illustrations contributed by all companies, particularly the Am 
can Locomotive Company, Baldwin Locomotive Works, Elect 
Motive Division of General Motors, General Electric Company, 
the Westinghouse Electric & Manufacturing Company. 
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Chapter I 


Current Electricity 


What is Electricity? This is a question that is often asked but 
it is usually never satisfactorily answered. The reason for this is 
because electricity cannot be seen, heard, or handled like other 
objects. This makes it impossible to learn about electricity as you 
learn about other objects. Undoubtedly the simplest definition to 
the question is: “Electricity is a form of energy.” 

What is energy? When the sun shines bright, it is warmer 
than on a cloudy day. This invisible “something” in the sunlight 
is energy. When the sunlight strikes the earth, this energy is turned 
into heat that warms the ground. On cloudy days there is not as 
much of this energy striking the earth, and the day is usually cooler 
than when the sun is shining brightly. 

This energy from the sun, when it is turned into heat, causes 
tlie grass and trees to grow. When trees are cut down and burned 
in a boiler, the energy from the wood is turned into heat. The heat 
from the flames turns the water in the boiler into steam. Steam is 
another form of energy. 

A steam engine or steam turbine will change this energy from 
the steam into mechanical energy. Mechanical energy can be used 
to run any machine connected by the use of belts and pulleys to the 
steam engine or turbine. An electric generator can be connected 
to a steam engine or turbine, and the mechanical energy produced 
by these machines is turned into another form of energy which is 
known as electrical energy, or electricity. Therefore, electricity is 
a form of energy. 

ELECTRIC CURRENT 

When it rains what becomes of the water that falls on the roof 
of the house? It runs off the roof on to the eaves, then into the 
trough or gutter, and from there through a connected pipe down 
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the side of the building. The trough, and the connected pipe direct 
the flow of water to tlie desired place. 

To direct the flow of electricity to the desired place, a copper 
wire is usually used. This flow of electricity, which is called elec¬ 
tric current, flows through the copper wire just like water flows 
through the pipe down the side of the building. Electricity, how¬ 
ever, is not a liquid, even though practical electricians often refer 
to it as "the juice” and in closing a switch they will speak of "turn¬ 
ing on the juice.” However, in order to understand the flow of 
electric current, which cannot be seen, it must be compared with 
something that can be seen or understood, and for this reason the 
flow of water will be used to illustrate the flow of electiic current. 



Fig. 1. Trough Used to Determine Rate 
of Flow of Water 


AMPERES 

What becomes of the water on top of the hill when it rains? 
It runs down the hill into a ditch. Ditches are not the same size. 
Some ditches are small and some are very large. Some ditches have 
very little water in them, and some are nearly full. This statement 
gives us some idea as to the amount of water flowing in the 
different streams. It is not very accurate, however, • because a 
large ditch may have only a small amount of water in it, while a 
small ditch may be nearly full. In order to measure the flow of 
water in a ditch or stream, an engineer would use an arrangement 
like the one shown in Fig. 1. The rate of flow of water would be 
expressed as so many gallons per minute or cubic feet per second. 
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The same condition is true in regard to electricity. It is necessary, 
however, to have some word to express the rate of flow of electric 
current. This word is ampere (pronounced am-peer). When 
speaking in terms of electricity we say that the rate of flow of 
current is so many amperes, as, for example, 1 ampere, 2 amperes, 
5 amperes, 10 amperes, 100 amperes, or 1000 amperes, as the case 
may be. If there are 5 amperes flowing in one wire and 10 amperes 
flowing in another wire, there is twice as much current flowing 
tlirough the second wire as the first. Therefore, whenever you 
see the word ampere, it means the rate of flow of current, which 
is similar to the water flowing in a trough shown in Fig. 1. 



Fig. 2. A Device Which Shows the Rate of Flow of Water 
through a Pipe 

AMMETER 

In order to measure the rate of flow of water through a pipe, 
il is necessary to place something in the pipe that will indicate this 
rate of flow. This can be done with the device shown in Fig. 2, 
which could be called a flowmeter. This device consists of a sheet 
of iron, called a vane, which is placed inside the pipe and hinged 
to the top of the pipe. The vane is of such size that it will com¬ 
pletely close the opening in the pipe. A pointer on the outside of 
the pipe is fastened to the vane to show its position in the pipe. 
A spring (not shown) will cause the vane to close tlie opening in 
the pipe when tliere is no water flowing through the pipe. The 
pointer will then point to zero. Therefore, the greater the amount 
of water that flows through the pipe, the greater will be the swing 
of the vane, as shown in Fig. 2, and the pointer will move accord- 
ingly opposite a larger number on the dial of the flowmeter. 

The device used to measure the rate of flow of electric current 
was at first called an ampere-meter, because it showed the rate of 
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flow of electric current in amperes. As this name, ampere-meter, 
was rather long, it was shortened to ammeter. A view of an am¬ 
meter is shown in Fig. 3. An ammeter is always connected so the 
current will flow into the meter at one terminal, then through the 
meter, and out of the meter at the other terminal. 

PRESSURE 

When it rains, the water runs off the side of a hill and into a 
ditch, because water always runs down hill. But why does water 
always run down hill? Because water has weight, and the weight 
of the water above tends to push the water that is below out of its 
way. This weight of water above, tending to squeeze or push the 
water below, produces a pressure. And the greater the height of 



Fig. 3, Outside View of Ammeter 


the water above a point, the greater is the pressure. This you have 
undoubtedly noticed if you have ever tried to stop the flow of water 
from a pipe connected to a high tank or from a water faucet by 
placing your hand over the end of the pipe or faucet. You remem¬ 
ber that the water squirted out around your hand, and the pressure 
was very strong, much stronger than from the bottom of a tank. 
This shows that it is the pressure which forces the water through 
the pipe of a water system or pipe line. It is this pressure which 
forces the water from the pumping station into an overhead tank 
and carries it through the underground pipes to the faucets in our 
homes. 

ELECTRICAL PRESSURE 

Electric current flows through a wire or conductor on the same 
principle that water flows through a pipe. We have found that it 
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is pressure that causes water to flow through a^ pipe. Therefore, 
it is pressure that causes electric current to flow through a wire or 
conductor—except that with the electric current it is an electrical 
pressure. Where does this electrical pressure come from? It comes 
from dry cells, wet cells, storage batteries, and electrical generators. 

VOLT 

The electrical pressure produced by a dry cell, a storage bat¬ 
tery, or an electric generator is not always the same. An electrical 
generator can be designed and built to produce almost any desired 



Fir. 4. Steam i)r Water Pressure Gauge 


pressure. The word used to express electrical pressure is volt. 
The electrical pressure of a dry cell is I /2 volts; that of an automo¬ 
bile storage battery is about 6 volts; that of the electric current used 
to furnish light in our homes is about 110 to 120 volts; the electrical 
pressure of the big transmission or power lines run through the 
country from one city to another is 33,000 volts, 66,000 volts, or 
132,000 volts. 

VOLTMETER 

A pressure gauge is placed on every steam boiler in order to 
know the pressure inside of the boiler. This gauge enables the 
fireman to know whether he has enough fire in the boiler to produce 
the necessary pressure of steam. At the waterworks, or pumping 



6 


DIESEL LOCOMOTIVES-ELECTRICAL EQUIPMENT 


station, a pressure gauge like the one shown in Fig. 4, is connected 
to the pipe line, in order that the person operating the pump can 
tell whether there is sufficient pressure to force the water through 
the pipe. Every automobile owner has a little pressure gauge which 
he uses to test the pressure of air in the automobile tires. 

Electrical pressure, which forces an electric current through a 
wire, is determined by a device which is called a voltmeter, Fig. 5. 
This device is called a voltmeter because it shows the electrical 
pressure in volts. You will notice that the outside view of the 
voltmeter shown in Fig. 5 is very similar to the ammeter shown in 
Fig. 3. In fact, the manufacturers often use the same kind of cover 
for both voltmeters and ammeters. The word volts, voltmeter. 



Fig 5. Outside View of Voltmeter 


amperes, or ammeter are usually printed on the front of the 
meter in order to tell whether it is to be used as a voltmeter or an 
ammeter. 

Another word that is more often used in electrical work when 
referring to electrical pressure is voltage. Instead of speaking of 
the electrical pressure forcing the current through a wire, we usually 
speak of it as the voltage. Also, instead of speaking of the electrical 
pressure of a certain generator, we usually speak of the voltage of 
this generator. 

RESISTANCE 

We have seen that when it rams, the water runs oflF the side of 
a hill into a small ditch, and then several of these small ditches 
unite and form a larger ditch. Several of the larger ditches finally 
unite and form a still larger ditch. The water flows into these 
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ditches instead of over the surface of the ground, because the 
ditches do not hold the water back but provide an easy place for 
it to flow. 

There are some metals or substances that allow electric current 
to flow through them easier than through other substances. Every 
substance or metal, however, has a tendency to resist or hold back 
the electric current to some extent from flowing through it, just 
as the banks of the ditches resist the tendency of the water to flow 
out of the ditches. 

OHM 

In order to be able to compare the resistance of the flow of 
electric current offered by one metal or substance with that offered 
by another metal or substance, it is necessary to have a word that 
will describe this property, just as we use the inch or foot when 
referring to the length of an object. 

The electrical word used to compare 
the resistance offered to the flow of elec¬ 
tricity by one substance with another is 
the ohm. Thus, we speak of the resist¬ 
ance of a radio rheostat. Fig. 6, as being 
10 ohms, 20 ohms, 30 ohms, and so forth. 

This means that the rheostat having a 
resistance of 20 or 30 ohms will offer two 
or three times as much opposition to the 
flow of electric current as the 10-ohm 
rheostat. In electrical work whenever we 
see the word ohm, we think of resistance, Herbert h. Frost, 

Inc., C hxcago 

because that word is used in speaking of 

the ability of any substance or object to resist or hold back the 
flow of electric current. The higher the resistance, the greater is the 
holding back power. 

INSULATORS AND CONDUCTORS 

If you pour a pail of water into a hollow spot in a pile of 
broken rock or large gravel. Fig. 7, you will find that the water 
seeps through the crevices of the rock and disappears very quickly; 
if you pour a pail of water in a hollow spot in a pile of sand, the 
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water disappears slowly; while if you pour a pail of water into a 
hollow spot in a pile of clay. Fig. 8, the water will remain for a day 
or two before it disappears in the clay. Therefore, it is evident that 
the clay offers a higher or greater resistance to the passage of water 
through it than the sand or gravel offers. 



Good Insulators 
(Very High Resistance) 


Poor Insulators and 
Poor Conductors 


Conductors 


Porcelain 
Rubber 
Glass 
Marble 
Dry All 
Dry Cotton 
Dry Wood 


Moist Air 
Carbon 
Wet Cotton 
Wet Wood 
Graphite 


The resistance of tlie substance at the bottom 
of each column is lower tlian those higher up 
in the column. 


Water 

Niclirome Wiie 

Steel 

Iron 

Tin 

Zinc 

Aluminum 

Copper) 

Siber j^Lood Conductors 
(Very Low Resistance) 


Any substance that offers a very high or very great resistance 
to the passage of electric current through it is called an insulator. 
Porcelain offers a resistance to tlie passage of electric current 
through it that is 1,300,000,000,000,000,000,000 times as gieat as that 
of copper. Dry wood has a resistance that is more than 1,000,000,- 
000,000 times as great as that of copper. Carbon has a resistance 
that is 2400 times as great as that of copper, while graphite has a 
resistance 500 times as great as that of copper. The resistance of 
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Nichrome wire, which is used in electric toasters, flatirons, and 
stoves, is about 66 times that of copper. The jelectrical resistance 
of copper wire is about times that of silver; of aluminum, 
2 times that of silver; and of iron and steel, about 7 to 10 times that 
of silver. 

Silver is the best electrical conductor but it is very expensive, 
its cost being many times that of copper. Aluminum, zinc, and tin 
are fair conductors but they cost much more than copper. There¬ 
fore, as copper is the cheapest electrical conductor, it is used almost 
entirely in electrical work for carrying an electric current. Thus, 



Fig 9 SiK-Volt Storage Batterv 


in electrical work whene\er the woid wire is written or spoken of, 
it means copper wire unless some other kind of metal or material 
is mentioned. 

Table 1 gives a list of substances often used in electrical work 
as insulators or conductors. Thus, porcelain, rubber, glass, and 
so forth, are considered good insulators. Carbon, moist air, graphite, 
etc., are very poor insulators and also poor conductors. Carbon 
and graphite are sometimes used when it is desired that the con¬ 
ductor should have a very high resistance. Water and all common 
metals are classified as conductors in comparison with other sub¬ 
stances. However, in comparing Nichrome wire with copper, the 
Nichrome wire would not be considered as good a conductor as 
copper. Table I will prove of assistance both in determining what 
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to use as a conductor of electricity and what to use as an insulator 
of electricity. 


SOURCES OF ELECTRIC CURRENT 

While the action of electricity is probably explained better by 
the water analogy or illustration than by any other method, the 
student must not carry this too far or form any opinion that elec¬ 
tricity has weight and density and all the other characteristics of 



Fig. 10. No. 6 Dry Cell 



Fig. 11. Cutaway View of “B” Battery 
A—Zinc can be made of pure metal; B—Wrapper 
around cell for insulation; C—Sealing material; 
D—Partition between cells prevents chafing and 
aids insulation; E—Waterproof insulating casing; 
F—S€‘al over top—strength and insulation; (i— 
Webbing seal—adds strength. 

Courtesy of Burgess Battery Company, Freeport, 
Illinois 


water. However, the steady even flow in one constant direction 
of a water system is very similar to the flow of an electric current 
which is produced by a battery. Fig. 9. 

BATTERY CURRENT—ELECTRICAL CURRENT BY CHEM¬ 
ICAL ACTION. You no doubt are familiar with the battery or dry 
cell used in radio work Figs. 10 and 11, or the small one used in 
the flashlight. Fig. 12. This type of dry cell produces a fixed voltage 
regardless of its size. The maximum voltage of any single cell is 
1% volts. Some flashlights are powered with two-cell and some with 
three-cell batteries. 

The dry cell. Fig. 13, is not really dry, since the carbon plate 
is imbedded in a moist state contained in a cylindrical can made of 
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zinc. The paste consists usually of crystals of ammonia chloride, 
three parts of plaster of Paris, one part of zinc oxide, one part of 
zinc chloride, and two parts of water. The plaster of Paris is used 
to give the paste rigidity. It is the action of the ammonia chloride 
on the zinc which produces the current of electricity. 

In all batteries there is a chemical change of some of its parts 
going on during operation, and it is this change or consumption of 
materials caused by chemical action that furnishes the energy to 





Fig 12 Flash Light 
Courtesy of BrifOit Star 
Battery Company 



Fig. 13. T>T)icdl Dry Battery 


drive an electric current through the cell and the bell, etc., to >vhich 
it may be connected. The path which the current of electricity takes 
from the battery, through the wires and hell or lamp, and back to 
the battery is called a circuit. Fig. 14 shows a hydraulic system, 
starting with the centrifugal pump which pumps water through the 
pipes, drives the water wheel, and returns it by a pipe to the water 
1 eservoir. You will note that the water in the reservoir has traveled 
a complete circuit. Fig. 15 shows an electric circuit, starting from 
a battery, going along a wire to drive a small motor, and returning 
by another wire to the battery, thereby also making a complete 
circuit. 
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When the switch is turned on, the flow of electricity from a dry 
cell or storage battery is from the positive terminal, often marked 
plus ( + ), along the circuit to the negative terminal, often marked 
minus (—). We find that this current flows steadily along the 
wires in the circuit in one constant direction, and the current will 
also come up to the full amount of amperes and stay at this point 
while the battery stands up to its rated pressure or until the circuit 



Fig. 14, Flow of Water through Fig. lo. Flow of Electric Current 

a Pipe System through a Circuit 


is disturbed, so this current is a steady current and it is in one 
direction. 

The amount of current in a circuit is detei*mined and limited 
by the capacity of the wires and devices to carry current in that 
circuit and not by any action or reaction of the battery.. We must 
assume here, of course, a battery large enough to do the work 
properly. The pressure needed for a circuit is always examined 
before the selection of the battery. In doing this, careful checking 
of the voltage rating stamped upon the lamp or other device of the 
circuit must be made. When this battery is applied to the circuit, 
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the voltage of the circuit will be the voltage of the battery and 
will be maintained at this pressure so long as the battery is not 
loaded beyond its capacity. Therefore, current has a constant 
voltage. 

We can now see that a battery current has the following char¬ 
acteristics. It flows in one direction; it is steady; and it has a con¬ 
stant voltage. 


•U 



h ij^. 16. Direct-CAirrent Generator 

ELECTRICAL CURRENT BY MECHANICAL ACTION. 

Electricity gradually came to be accepted in industry as its old 
uses were developed and new uses were found for it; and it became 
evident that the battery as a source of power was equal neither 
physically nor economically to the demand which was placed upon 
it. Bear in mind that the battery at this stage of development was 
not the highly perfected storage battery of today. It was not a 
storage battery at all, but a collection of many chemical cells. By 
the time the users of electricity began to realize that the battery was 
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lacking as a source of poWer for the growing steady demands which 
were made upon it, the scientist in his laboratory had not been idle. 
He had discovered certain things about mechanical production of 
electricity. 

In 1831, Farraday discovered that if a wire which had no cur¬ 
rent in it were moved through a magnetic field, a current would be 
induced or developed in the wire. Perhaps this does not mean much 
to you, perhaps it did not mean so much to the scientist who dis¬ 
covered it, but finally there came a time when test tubes and chemi¬ 
cals were set aside, and magnets, wires, and coils began to take their 
places. Electricity was passing from the chemical into the dynamic 
stage, thus was born the dynamo—the mechanical generator of 
electricity, Fig. 16. Today it is one of the most important machines 
of industry, for the mechanical generator is not confined in its 
development as the battery was, in fact, insulation is now prac¬ 
tically the only limitation to extreme voltages which may be placed 
upon the building of generators. 



Chapter 11 


Principles of a Generator 


ESSENTIAL PARTS OF A DYNAMO. The dynamo is a 
machine for converting mechanical energy into electrical energy or 
electrical energy into mechanical energy. When it is used in trans¬ 
forming mechanical into electrical energy, it is called a generator; 
and when it transforms electrical into mechanical energy, it is 
called a motor. The great majority of dynamos have the following 
essential parts: the magnetic field; the armature winding; the com¬ 
mutating and collecting devices (not required in all machines— 
the squirrel-cage induction motor, for example); and the necessary 
mechanical structure, such as bed plate, iron composing the mag¬ 
netic circuit and its supporting structure, armature core, bearing 
supports, etc. 

Magnetic Field. The function of the magnetic field is to 
provide a magnetic flux, which is cut by the inductors forming 
the armature winding. 

Armature Winding. The armature winding is composed of a 
large number of wires, called inductors, in which an electromotive 
force (e.m.f.) or electrical* pressure is induced when there is a 
relative movement of these inductors with reference to the magnetic 
field of the machine. 

Commutator or Collecting Rings. The function of the com¬ 
mutating and collecting devices is to bring about the necessary 
reversal of connections between the various elements composing 
the armature winding and the external circuit, and at the same 
time to provide the necessary continuous electrical connection 
between the circuits on the moving part of the machine and the 
outside circuits. 

Mechanical Parts. The function of the various mechanical 
parts is obvious, and the iron composing the magnetic circuit often 
performs a mechanical function in the construction of the machine, 
as, for example, the iron used in the construction of the armature 
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core serves as a mechanical support for the armature windings. 

In commercial continuous-current machines, the field magnet 
is nothing more than a simple electromagnet which remains sta¬ 
tionary, but the armature is a great deal more complex and always 
rotates. In alternating-current machines either the armature or 
field may be stationary. Continuous-current machines always re¬ 
quire a commutator, which is mounted on the same shaft as the 
armature, while the alternating-current machines are provided with 
slip rings when an electrical connection must be established be¬ 
tween the rotating part of the machine and an outside circuit. 

The development of the various forms of armature windings 



Fig. 1. Horizontal Conductor Moving Downward across a Uniform Magnetic Field— 
Motion Peri)cndicular to Field 


for both continuous- and alternating-current machines will be 
discussed in the following sections. 

PRODUCING AN E.M.F. BY CUTTING MAGNETIC LINES 
OF FORCE. When a conductor and a magnetic field are caused to 
move relative to each other, so that the imaginary lines of force 
that are supposed to compose the magnetic field are cut by the 
conductor, there will be an' e.m.f. induced in the conductor. 

E.M.F. Depends on Rate Lines Are Cut. The value of this 
induced e.m.f. at any instant will depend upon the rapidity with 
which the lines of force are being cut by the conductor at that 
particular instant. If the lines of force are being cut at a perfectly 






PRINCIPLES OF A GENERATOR 


17 


uniform rate, that is, if the same number are cut in each succeeding 
fractional part of a second, say one hundredth part of a second, 
and there is a total of 100,000,000 lines cut in one second, then 
there will be an e.m.f. of one volt induced in the conductor. Thus 
if a horizontal conductor 50 inches long were moved downward 
across a horizontal magnetic field whose intensity is 20,000 lines of 
force as indicated in Fig. 1, at a uniform velocity of 10 inches each 
second, all the magnetic lines in the area 10x50 inches would be 
cut in one second. Sizes there are 20,000 magnetic lines passing 
through each unit of area, then the total number of magnetic lines 
cut by the conductor in one second will be equal to 10x50x20000, 
or 10,000,000. Dividing 10,000,000 by 100,000,000 gives 0.1 volt, 
the value of the e.m.f. induced in the conductor. 

If the conductor be moved at a greater velocity, say twice as 
fast, then the e.m.f. induced will be equal to twice the stated 
value, and if its velocity be decreased there will be a correspond¬ 
ing decrease in the induced e.m.f. If the strength of the magnetic 
field be increased or decreased in value, there will be a corre¬ 
sponding increase or decrease in the value of the induced e.m.f. 
Likewise, if the length of the conductor in the magnetic field, or 
that part of the conductor which is actually cutting lines of force, 
be increased or decreased, there will be a corresponding increase 
or decrease in the value of the induced e.m.f. 

If this conductor be made to form part of a closed electrical 
circuit, there will be a current of electricity produced in the circuit 
due to the e.m.f. induced in the conductor. 

RIGHT-HAND RULE. There is a definite relation between 
the direction of the magnetic field, the direction of motion of the 
conductor, and the direction of the induced e.m.f., which is as 
follows; If the first and second fingers and the thumb of the 
right hand be placed at right angles to each other and in such 
a position that the first finger points in the direction of the magnetic 
field and the thumb points in tlie direction of motion, then the 
second finger will point along the conductor in the direction of 
the induced e.m.f. The direction of the induced e.m.f. will be 
reversed if the direction of the motion or the direction of the 
magnetic field be reversed. If the direction of the magnetic field 
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and the motion both be reversed, then the direction of the induced 
e.m.f. will remain the same. 

The motion of the conductor in Fig. 1 is perpendicular to 
the direction of the magnetic field, and, as a result, more magnetic 
lines are cut by the conductor when it moves a certain distance 



Fig 2 Horizontal Conductor Moving Downward across Unifonn Magnetic Field— 
Motion Not Perpendicular to Field 



Fig 3 Motion of Conductor Resolved into Two Components— 
One Perpendicular to Field and One Parallel to Field 


along .its path than would be cut if the motion of the conductor 
were along a path making an angle of less than 90° with the direc¬ 
tion of the magnetic field. Fig. 2. 

In Fig. 2 it is that part of the velocity of the conductor perpen¬ 
dicular to the direction of the magnetic field that determines the 
rate of cutting of the magnetic lines. This part of the velocity of 
the conductor is indicated by a dotted vertical line downward 
from the conductor, Fig. 2. It is also illustrated in Fig. 3 where the 
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diagonal line "direction of motion*’ is divided up into "part of mo¬ 
tion perpendicular to the magnetic field” and "part of motion parallel 
to the magnetic field.” 

When the angle between the direction of motion of the con¬ 
ductor and the magnetic field is 30° as in Fig. 3, that "part of the 
motion perpendicular to the magnetic field” is only one-half of the 
‘‘direction of motion.” This can be verified by measuring the two 
dotted lines in Fig. 3. A change in the angle ^ from 30° to 45° or 
60° will cause a greater part of the “direction of motion” to be “per¬ 
pendicular to the magnetic field.” When this angle 0 becomes 90°, 



Fig. 4. Curve Bepresenting Variation in Value 
of Electromotive Force Induced in a Conductor 
That Is Moved Back and Forth across a Uniform 
Magnetic Field at a Constant Velocity 

all the “direction of motion” will be “perpendicular to the magnetic 
field.” Thus that part of the motion that is perpendicular to the 
magnetic field has to be determined before the voltage can be 
determined. 

SIMPLE GENERATOR 

ANALYSIS OF OPERATION. Straight Conductor. When 
the conductor. Fig. 1, has moved downward a sufficient distance to 
be out of the magnetic field, there will be no e.m.f. induced in it, 
as it continues to move on down, for there will be no magnetic lines 
of force cut by the conductor. Now, in order that the conductor 
may continue cutting the magnetic lines of force, it will be neces¬ 
sary for the motion of the conductor to be reversed when it reaches 
the edge of the magnetic field in its downward travel; that is, the 
motion of the conductor must be alternately up and down across 
the magnetic field. If the strength of the magnetic field is uniform 
in the region in which the conductor moves and the velocity of the 
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conductor is constant and the direction of its motion is reversed 
instantly, then the variation in the e.m.f. induced in the conductor 
may be represented graphically as shown in Fig. 4. Assume that 


A 



MAGNmC FIELD 



Fijf. 5. Condtictor Enlcrint; 
Majjnetic Field utkI Mov¬ 
ing Downward across 
Same 



Fig. G. Conductor at Lower 
Edge of Magnetic Field 



FIELD 


Fig. 7 . Closed Loop of Wire Revolving in a Uniform Magnetic Field 

the conductor starts from its uppermost jDOsition in the magnetic 
field, as shown at A, Fig. 5, and moves at a constant velocity down¬ 
ward across the magnetic field to its lowermost position, as shown 
at B, Fig. 6. During this time the conductor is cutting the magnetic 
lines at a constant rate for all positions and, as a result, the e.m.f. 
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induced in it is constant, as represented by the upper part of the 
line AB, Fig. 4. The height of the horizontal line AB above the 
zero line is a measure of the e.m.f. induced in the conductor. Now 
when the conductor reaches the lowermost position, it immediately 
starts to move upward across the magnetic field at the same rate it 
was originally moving downward across the field, and, as a result, 
the value of the induced e.m.f. will be the same but its direction 
will be exactly opposite what it was originally. This fact is shown 



Fig. 8. Four Different Positions of a Loop as It Revolves 
in a Magnetic Field 

diagrammatically in Fig. 4 by the line B'A', which is parallel to the 
zero line and exactly the same distance below the zero line as the 
line AB is above the zero line. The lengths of the lines AB and 
B'A' are drawn to represent time to any convenient scale; thus each 
inch may correspond to one second, etc.’ 

Action of Loop. The arrangement just described may be 
greatly improved upon by revolving a loop of wire in a magnetic 
field, as shown in Fig. 7. Four positions of the loop are shown in 
cross-section in Fig. 8, and the e.m.f. induced in the loop for tliese 
different positions may be determined as follows: In position 1 
the plane of the loop is perpendicular to the direction of the mag- 
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iietic field, and if the loop be rotated a small angle about its axis, 
there will be no e.m.f. induced in it because there are no magnetic 
lines cut by any part of the loop. The two sides of the loop will 
be moving parallel to the magnetic field, and hence cutting no 
lines of force; while the planes in which the two ends move are 
parallel to the direction of the magnetic field, and hence tlie ends 
will never cut across any of the lines of force forming the magnetic 
field, regardless of the angular position of the coil, so long as the 
axis of the loop is perpendicular to the direction of the magnetic 
field. 

In position 2 the plane of the loop is parallel to the magnetic 
field and the two sides of the loop are moving perpendicular to 
the magnetic field for an instant while the loop is in this position. 
Since the sides of the loop are moving perpendicular to the direc¬ 
tion of the magnetic field, when the loop is in position 2 they 
will be cutting the magnetic lines at the greatest possible rate. 

In position 3 the plane of the loop is perpendicular to the 
direction of the magnetic field and the e.m.f. induced in the two 
sides is zero, for the same reasons as those given for position i. 
In position 4 the plane of the loop is parallel to the direction of 
the magnetic field and the two sides are moving perpendicular to 
the direction of the magnetic field just as explained for position 2. 
In position 2, however, the side E is moving downward across the 
magnetic field and the side F is moving upward across the mag¬ 
netic field, while in position 4 just the reverse is true; that is, 
side E is moving upward across the magnetic field, and side F is 
moving downward across the magnetic field. The e.m.f. induced 
in the two sides will be in opposite directions for all positions of 
the loop as you look along the two sides, but it will be observed 
that they are acting together around the loop rather than opposing 
each other, for all positions of the loop. 

From position 1 to position 3, the side E is moving downward 
across the magnetic field and fhe side F is moving upward across 
the field, while from position 3 back to position 1 the side E is 
moving upward across the magnetic field and the side F is moving 
downward. As a result of this relation between the direction of 
motion of the sides of the loop and the direction of the magnetic 
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field, there will be an electrical pressure induced in the loop which 
will act around the loop in a certain direction while the loop is 
rotating from position 1 to position 3 and around the loop in the 
opposite direction while rotating from position 3 to 4 and on back 
to position J, or the starting point. 

VARIATIONS OF E.M.F. IN ONE REVOLUTION. The value 
of the e.m.f. in the loop does not remain constant, but changes in 
value as the position of the loop in the magnetic field changes, the 
reason being that the velocity of the sides across the magnetic lines 



0 

Fig. 9. Diagram Showing Variations in Number of Lines of 
Force Cut Durmg a Revolution of an Armature Conductor 

of force for a certain constant angular rotation of the loop is con¬ 
tinuously varying in value. This can be proved easily by counting 
the number of fine lines the loop or conductor crosses in Fig. 9 
when moving from 0® to 20° and comparing them with the number 
of lines crossed for similar distances in other parts of the revolu¬ 
tion. They are as follows: 

From 0° to 20° — 1 Line From 100° to 120° — 6 Lines 

From 20° to 40° — 4 Lines From 120° to 140° — 5 Lines 

From 40° to 60° — 5 Lines From 140° to 160° — 4 Lines 

From 60° to 80° — 6 Lines From 160° to 180° — 1 Line 

From 80° to 100° — 7 Lines . 

The number of lines crossed as the conductor or loop rotates 
from 180° through 270° to 360° is the same as 0° to 180°. You 
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could make Fig. 9 very large in size and draw many fine lines and 
get more accurately the number of lines crossed in diflFerent parts 
of a revolution. In fact, you could determine the number of lines 
of force crossed for each degree from to 90°. However, this 
work is not necessary because the mathematicians have prepared 
tables that will give us these comparisons. They call these tables 
"‘sine of an angle” and use a symbol like this 6 as an abbreviation 
to indicate the angle. These tables are often called "Sine Tables?" 
and are given in all books on trigonometry. By using these sine 
tables you can easily determine what part of the maximum number 
of lines of force are being crossed at any particular angle. 


POS.2 



Fig. 10. Curve Representing Variation in Value of Electromotive 
Force Induced in a Loop That Is Rotated at a Uniform Angular 
Velocity in a Uniform Magnetic Field 


Since the value of e.m.f. or voltage produced in the conductors 
depends upon the number of "lines of force” crossed, these sine 
tables will tell us what part of the maximum voltage is produced 
at any position of the conductors or loop. These values can be 
plotted as a curve, Fig. 10, in which the maximum voltage produced 
(abbreviated Emnx) in position 2 of the loop, Fig. 8, is multiplied 
by the sine of the different number of degrees. This curve. Fig. 10, 
is called a sine curve because the height of the curve above the zero 
line at different places is obtained by the use of these sine tables. 
The distances along the zero line. Fig. 10, are divided into degrees 
from zero to 360°, but only 90°, 180°, 270°, and 360° are marked; 
these correspond to the position of the loop in Fig. 8. The distances 
along the zero line correspond to the values of the angle 6, Such 
a curve is called a sine curve. 

EFFECT OF MORE LOOPS. The e.m.f. may be increased by 
adding more turns to the loop and connecting these turns in series 
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so that the e.mi. induced in the diflFerent turns acts in the same 
direction around the loop. 

The complete set of positive and negative values represented 
in Fig. 10 constitutes what is called a cycle. A complete set of 
positive or negative values constitutes what is called an alternation. 
There are always twice as many alternations as there are cycles. 
The number of complete cycles that occur in one second is called 
the frequency. In Fig. 10 one revolution of the loop constitutes a 



Fig. 11. Simi>le Alternating-Current Generator 


cycle, or two alternations; and if the loop is made to revolve at the 
rate of 60 revolutions per second, the frequency of the induced 
e.m.f. will be 60 cycles. 

FUNCTION OF SLIP RINGS. In order to make use of the 
e.m.f. generated in tlie loop. Fig. 7, in producing a current in an 
electrical circuit, it is necessary to provide some means of connect¬ 
ing the loop in series with the circuit in which the current is to be 
produced. Such an electrical connection may be provided by open- 

op the loop and connecting the two ends thus fonned to two 
continuous metal rings, mounted on the axis of the loop and in¬ 
sulated from each other. Upon these rings are two metal or carbon 
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brushes, connected to the external circuit, as shown in Fig. 11. 
Such a device constitutes a simple alternating-current generator. 

FUNCTION AND OPERATION OF TWO-PART COMMU¬ 
TATOR. As the loop of wire in Fig. 11 is made to revolve, an 
e.m.f. will be induced in it, and this e.m.f. will reverse in direction 




Fig. 13. Curve Representing Variation in Value of Electromotive 
Force between Brushes of Direct-Current Generator 
Shown in Fig. 12 

twice every revolution, as shown by the curve in Fig. 10. If the 
external circuit be closed, the alternating e.m.f. induced in the loop 
will produce an alternating current in the circuit. Such a current 
is not suitable for all purposes, as, for example, charging storage 
batteries, and must be changed to a unidirectional or direct current. 
It is the function of the commutator to change the alternating 
current in the loop into a direct current in the external circuit and 
at the same time provide the necessary electrical connections 
between the loop and external circuit. 
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The simplest form of commutator consists of a metal ring 
divided into two equal parts and mounted on a tube of insulating 
material, the two halves of the ring being insulated from each 
other. Each half of the ring should be connected to one of the 
ends of wire formed by opening up the loop, Fig. 12. The metal 
parts composing the commutator are called segments. The two 
segments in the commutator are shown in Fig. 12. The electrical 
connection to the external circuit is made by means of suitable 
brushes which make electrical contact with the segments of the 



Fig. 14. Direct-Current Generator Composed of Two Loops of Wire and 
a Commutator of Four Segments 


commutator. Two brushes are required with a two-part comn^u- 
tator and single loop, as shown in Fig. 12, and these brushes should 
be equally spaced on opposite sides of the commutator, and in such 
a position that the insulation between the segments of the two-part 
commutator is exactly in the middle of the brushes when the plane 
of the loop is perpendicular to the direction of the magnetic field, or 
the induced e.m.f. in the loop is zero. A two-part commutator of 
this kind will reverse the connecfions of the loop of wire with 
respect to the external electrical circuit when the e.m.f. in the loop 
is zero and the e.m.f. acting on die external circuit always will be in 
the same direction and may be represented graphically by a curve 
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such as the one shown in Fig. 13. This kind of an e.m.f. is called 
a pulsating e.m.f. because it pulsates in value at regular intervals; 
it is, however, continuous in direction. In order to produce an 
e.m.f. nearer constant in value more commutator segments and 
loops of wire must be used. 

OPERATION OF FOUR-PART COMMUTATOR AND TWO 
LOOPS OF WIRE. The fluctuation in the value of the e.m.f. be¬ 
tween the brushes with the arrangements shown in Fig. 12, can be 
reduced by using two more commutator segments and a second 
loop. In this case the metal ring is cut in four parts instead of two, 
thus forming a commutator composed of four segments instead of 
two. The two loops are placed at right angles to each other and 
the terminals of each loop are connected to commutator segments 
that are opposite to each other instead of adjacent to each other. 
The connections of the loops and segments are shown in Fig. 14. 
Two brushes are required, and they should be placed exactly oppo¬ 
site each other and in such a position around the commutator that 
they pass from one segment to the next when the planes of the two 
loops are making angles of 45 degrees with a plane perpendicular 
to the direction of the magnetic field. The proper position of the 
brushes is shown in Fig. 14. Let us now consider the operation of 
this machine. Starting with loop A parallel to the magnetic field, 
loop B, which is at right angles to loop A, will be perpendicular to 
the direction of the magnetic field. When the loops are in this 
position the brushes should be in the center of the segments con¬ 
nected to loop A. Now as the combination of loops and commutator 
(called the armature) rotates, the e.m.f. induced in loop A decreases 
in value and the e.m.f. induced in loop B increases in value (it is 
to be remembered at the start the e.m.f. in A is at its maximum 
value and the e.m.f, in B is zero). When the armature has turned 
through an angle of 45 degrees, the commutator segments con¬ 
nected to loop A move from under the brushes and the commu¬ 
tator segments connected to loop B move under the brushes. This 
results in loop B now being connected in series with the external 
circuit instead of loop A. Loop B will remain in electrical connec¬ 
tion with the external circuit for the next 90 degrees’ rotation of 
the armature, or one quarter turn, when the segments connected to 
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B move from under the brushes and those connected to A move 
under the brushes. From the above statements and a careful 
inspection of Fig. 14 it is apparent that the loops A and B are 
alternately connected to the external circuit, and each time either 
of them is connected it is for one quarter of a revolution of the 
armature. The e.m.f. between the brushes varies in value, but it 
will never drop to zero value as with the single loop. The connec¬ 
tions of the loops are changed when they are making an angle 
of 45 degrees with a plane perpendicular to the direction of the 
magnetic field and the e.m.f/s induced in the loops at this instant 
are equal in value and equal to 0.707 of the maximum e.m.f. in- 



Fig. 15. Curve Representing Variation in Value of Electromotive Force 
between Brashes of Direct-Current Generator Shown in Fig. 14 


duced in either loop when its plane is parallel to the direction of 
the magnetic field. This results in the e.m.f. between the brushes 
fluctuating in value between a maximum value and 0.707 of this 
maximum value. The fluctuation in e.m.f. for one complete revolu¬ 
tion of the armature is shown in Fig. 15, 

OPERATION OF SIX-PART COMMUTATOR AND THREE 
LOOPS OF WIRE. The fluctuation in the value of the e.m.f. be¬ 
tween the brushes with the arrangement described in the preceding 
section may be decreased by using three loops of wire and a com¬ 
mutator composed of six segments. The terminals of each loop 
should be connected to two segments exactly opposite each other 
and the brushes should be exactly opposite each other and in such 
a position that they are in the center of the commutator segments 
connected to a loop when that loop is in a position parallel to the 
direction of the magnetic field, or when the e.m.f. induced in the 
loop is at its maximum value. The arrangement of the loops. 
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brushes, and commutator segments is shown in Fig. 16. Now as 
the armature rotates, the e.m.f. induced in loop A decreases in 
value, the e.m.f« induced in B decreases in value, and the e.m.f. 
induced in C increases in value. When the armature has turned 



Fig. 16, Direct-Current Generator Composed of Three Loops of Wire and a 
Commutator of Six Segments 
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Fig. 17. Curve Representing Variation in Value of Electromotive Force between 
Brushes of Direct-Current Generator Shown in Fig. 16 


through an angle of 30 degrees the segments connected to. the loop 
A move from under the brushes, and the segments connected to 
loop C come into contact with the brushes and remain in contact 
for a rotation of the armature of 60 degrees, or one-sixth revolution. 
When the segments connected to loop C leave contact with the 
brushes, the segments connected to loop B make contact, and 
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remain in contact for one-sixth revolution, then loop A comes into 
contact again for one-sixth revolution; then loop C for one-sixth 
revolution, loop B for one-sixth revolution, and back to loop A for 
an angular movement of 30 degrees. This brings the armature back 



Fig. 18. Direct-Current Generator Composed o£ Two Loops of Wire and 
a Commutator of Two Segments 



Fig. 19. Direct-Current Generator Composed of Four Loops of Wire and a 
Commutator of Four Segments 


to the starting point. The fluctuation in e.m.f. for one complete 
revolution of the armature is shown in Fig. 17. 

OPERATION OF TWO-PART COMMUTATOR AND TWO 
LOOPS OF WIRE. Two loops of wire may be connected in par¬ 
allel between two commutator segments as shown in Fig. 18. The 
e.m.f. between the brushes will be the same as though a single 
loop of wire were used, but the current the armature is capable of 
delivering will be doubled if the wire used in winding the loops 
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is of the same size as that used in winding the single loop. The 
variation in the e.m.f. between the brushes for such a combination 
is shown in Fig. 13. 

OPERATION OF FOUR-PART COMMUTATOR AND FOUR 
LOOPS OF WIRE. An armature may be formed by interconnect¬ 
ing four loops of wire and four commutator segments. The con¬ 
nections are shown in Fig. 19. Each loop has its terminals 
connected to adjacent commutator segments. The brushes must be 
broad enough to bridge the insulation between adjacent segments, 
and they are mounted on the commutator in such a position that 
they short-circuit the loops when the sides of the loops are moving 
parallel to the magnetic field. 



Fig. 20. Position of Conductors and Bmshe.s after the Armature 
in Fig. 19 Has Rotated One Eighth of a Revolution 

An inspection of Fig. 19 will assist you in understanding the 
following statements. When the armature is in the position shown 
in Fig. 19, the e.m.f. induced in the loops A and C is zero, and 
the e.m.f. induced in the loops B and D is a maximum. Of course, 
loops A and C are short-circuited by the bmshes, but no damage 
results as there is no e.m.f. induced in these loops in this position. 
Loops B and D are connected in parallel between the brushes, and 
the e.m.f. between the brushes is that induced in either loop B or D, 
which is supposedly the same. Now, as the armature rotates from 
the position shown in Fig. 19, the e.m.f. in loops B and D .decreases 
in value and the e.m.f. in the loops A and C increases in value, 
starting with zero. A small angular rotation of the armature results 
in the short-circuit of the loops A and C being removed, and the 
loop A is connected in series with the loop B and likewise the loop 
D is connected in series with the loop C, Fig. 20. This connection 
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remains while the armature rotates for one-fourth revolution from 
that in Fig. 19, when the loops B and D are short-circuited by the 
brushes and the loops A and C are in parallel between the brushes. 
During this one-fourth revolution the e.mi. induced in loops B and 
D decreased in value from a maximum to zero value, as shown by 
the curve bd in Fig. 21, and the e.m.f. induced in the two loops 
A and C has increased in value from zero to a maximum value, as 
shown by the curve ac in Fig. 21. The e.m.f. between the brushes 
is the sum of the e.m.f. s and it is represented by the heavy curve 
in Fig. 21. The maximum value of this e.m.f. occurs when the 
loops are making an angle of 45 degrees with the position shown in 



Fig. 21. Curve Representing Variation in Value of Electro¬ 
motive Force between Brushes of Direct-Current Generator 
Shown in Fig. 19 

Fig. 19, or diey have turned one-eighth turn from the starting 
point, to the position in Fig. 20. The e.m.f. in all the loops is the 
same for this position of the armature and is equal to 0.707 of the 
maximum e.m.f. The total e.m.f. between the brushes is equal to 
twice this value, since two loops are in series, or it is equal to 1.414 
times the maximum e.m.f. that can occur in any one of the loops. 
The e.m.f. between the brushes will fluctuate between the maxi¬ 
mum value occurring in a single loop and 1.414 times this maximum 
value. With a four-loop armature there will be four of these 
pulsations for each revolution, as shown in Fig. 21. As the number 
of loops and segments is increased the amount of this fluctuation 
is decreased (the height of the rise and fall of voltage wave. 
Fig. 21) but the number of fluctuations per revolution is increased. 

In Fig. 22, the number of loops of wire and commutator bars 
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has been increased from 4 to 8. Conductors A, B, C, etc., connect 
on the rear to similarly lettered conductors a, h, c, etc. In order to 
simplify the drawing these connections are not shown in Fig. 22. 
Note that the direction of the flow of current in the conductors is 
indicated by the dot or the plus sign inside the conductor; also the 
position of the brushes has been shifted to the horizontal center 
line of the poles. This enables the leads from the coil to the com¬ 
mutator bars to be shorter and more uniform in appearance. The 
position of the brushes can be changed by moving the leads from 
the coil to a different commutator bar. In most of the modern 
direct-current armatures, the coil leads are made about equal in 
length and the brushes are located in position shown in Fig. 22 in 
relation to the poles. 



£ ^ 

Fig. 22. Diagram of an Armature Having Eight Loops of Wire 
and Eight Commutator Segments 


OPEN- AND CLOSED-CIRCUIT ARMATURE WINDINGS. 

In an open-circuit winding the different loops do not as a whole 
form a closed circuit, but each loop is in circuit only when the 
commutator segments to which it is connected are in electrical 
contact with the brushes. The windings shown in Figs. 14 and 16 
are of the open-circuit type. 

A closed-circuit winding is one in which the loops forming the 
winding are interconnected and form one or more closed circuits 
upon themselves, and each loop is always in circuit except when 
it is short-circuited by the brushes. The winding shown in Figs. 
19, 20 and 22 is of the closed-circuit type. 

Practically all modern armatures are of the closed-circuit type. 



Chapter III 


Ohm’s Law 


ELECTRICAL MEASUREMENTS. This brings us down to 
the point in the study of our electrical circuits where, if we wish 
to know definitely of these circuits, it is necessary to apply measure¬ 
ments to their separate parts. Perhaps you had not thought of the 
important part that measurements of any kind play in our economic 
advancement. Without the establishment of units and the use of 
these units in measurements and calculations, it would be impos¬ 
sible to build even the simple devices so necessary to our comfort 
and pleasure. This all applies to articles of furniture, to clothing, to 
the laying out and to building of roads as well. If these measure¬ 
ments are necessary in things so visible as these, it is equally as 
necessary with the more or less indefinable subject of electricity. 

THREE FACTORS OF THE CIRCUIT. You have seen where 
the three important factors of the electric circuit are pressure, 
current', and resistance. These, however, are general terms and 
must be broken up into units for accurate handling in measure¬ 
ments. Just as the unit of distance in lineal measurement is the 
foot, and the unit of physical pressure is the pound, so the unit of 
electrical pressure is the volt. You, perhaps, could not define these 
units the foot and the pound (other than by breaking them up into 
smaller units), nor do you have to know the history of their origin 
in order to use them in accurate measurements. Nor will it be 
necessary, as far as the ordinary use in commercial work is con¬ 
cerned, for you to go into the history of this unit of electrical 
pressure and these other units of current and resistance. It is suffi¬ 
cient, for the present at least, for you to know that: 

The volt is the unit of electrical pressure. 

The ampere is the unit of electrical current. 

The ohm is the unit of electrical resistance. 

That these three factors of the circuit—the volt, the ampere, 
and the ohm—were the key factors to the study of electrical circuits 
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and their actions, was the conclusion of George Simon Ohm, a 
German scientist, as he pondered over the question in 1827, and 
from these conclusions he formulated the all-important Ohm^s Law 
which stands today as the basic formula underlying all electrical 
theory and measurement. The unit of resistance was given his 
name. This famous Ohm’s Law is the simple statement that: 

The current in an electric circuit is equal to the 
pressure divided by the resistance. 

This law can also be written in formula form: 


Current = 


Pressure 

Resistance 


Note: The abo\e formula is read current equals pressure divided by 
resistance. In a formula when a word, letter, or numbei is placed above a 
line and over another word, letter, or number, the line has the same meaning 
as the sign which is read divided by. 

This is far too unwieldy a form for quick use, and so abbrevia¬ 
tions, symbols, or letters are used to represent these words: 

Pressure =:Volt m E 
Current Ampere = I 
Resistance = Ohm = R 

In explanation: the E is the first letter of the term electro¬ 
motive force, which is used in the study of pressuie when the units 
are unknown; the I is the first letter of the term intensity of current 
rather than make use of the letter C, as the latter is a symbol which 
has other uses; and the R is the first letter of the word resistance. 


Thus, the formula 


Current: 


Pressure 


can now be written 


E 

R 


Resistance 

This formula, of course, is of use only to find the current when you 
know the pressure and resistance. The formula can be rearranged 
so that the letter which stands for what you want to find is on the 
left side of the equality sign. As there are only three members of 
this formula, there are just three possible forms of arrangement. 
They are: 


1 = 1 E=IR R = l 

LEARNING OHM’S LAW. As there are just these three 
forms of this formula, it is best to learn them as v^itten above. Do 
not read them hurriedly and pass them by, but learn them thor- 
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oughly, for they are absolutely necessary to your understanding 
of the subject. Perhaps a study of them will help fix their relations 
in your mind. 

Since Ohms law is one of the most commonly used funda¬ 
mentals of electricity, it is essential that it should be memorized. 
A very ingenious way of representing and of memorizing Ohms 
law is embodied in Figs. 1 to 4. If any one part be removed or 
covered, the relative position of the other two gives the value of 
the one covered in terms of the other two. 



Thus if we cover I, Fig. 1, £ -f- R is left, Fig. 2. Therefore the 
value of I in terms of E and R is E divided by R. If R is covered, 
E -i- I remains, Fig. 3, giving the value of R in terms of £ and /, 
which is £ divided by 1. In the same way, if we cover £, we have 
its value remaining in terms of I and R, namely, / times R, Fig. 4. 


Example 1 

A voltage of 6 volts is used to force a current through a resist¬ 
ance of 3 ohms. What is the current? 

Solution 

The voltage (E) is 6 volts and the resistance (R) is 3 ohms, 
we wish to find the current (/). Using the first statement of Ohms 
law we find that 

r ^ 6 . 

i = - ~ = 2 amperes 

R 3 
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Example 2 

What voltage is required to force a current of 2 amperes 
through a resistance of 10 ohms? 

Solution 

The current (!) is 2 amperes and the resistance (R) is 10 
ohms. We want to find the voltage (E). 

£ zz: / X R = 2 amperes X 10 ohms =: 20 volts 

Example 3 

A voltage of 20 volts is required to force a current of 5 amperes 
through a coil. What is the resistance of the coil? 

Solution 

Voltage (E) zz 20 volts. Current (I) —5 amperes 

n E 20 volts . 1 

-zz 4 ohms 

Example 4 ^ ^ amperes 

The voltage between the ends of a piece of wire is 15 volts and 
its resistance is 3 ohms. What current will flow through it? 

Solution 

Covering the symbol I in the diagram, Fig. 1, there remains 
E -r- R. Substituting the values of voltage and resistance given, we 
have 15 -4- 3 5 amperes. 

Example 5 

A current of 10 amperes is forced through a conductor by a 
pressure or voltage of 30 volts. What is the resistance of the con¬ 
ductor? 

Solution 

Covering R in the diagram. Fig. 3, we have left E -^L Sub¬ 
stituting for E and I their values from the conditions as stated, we 
have 30 ^ 10 3 ohms. 

Example 6 

A current of 10 amperes flows through a resistance of 2 ohms. 
What is the voltage that is forcing the current through the resist¬ 
ance? 

Solution 

Covering E, Fig. 4, we have left I times R. Substituting their 
values as before, we have 10 X 2 zz 20 volts. 
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APPLICATIONS OF OHM’S LAW. Ohm’s law may be 

applied to a circuit as a whole or it may be applied to any part 
of the circuit—a circuit being the path through which a current 
flows from its source through a conductor back to its source. A 
great amount of caution and practice is required to apply this law 
correctly in all cases. Accordingly, there is no part of electrical 
work where so many mistakes are made as in the application of 
this simple law. Once the principle is firmly grasped, the student is 
prepared to handle correctly a wide range of electrical problems. 

Many of the diflSculties will be cleared up if the student will 
keep in mind the following two statements and will use them 
intelligently. 


3 MS 



siecmic //ro/f 

20 OHMS 


When applying the law to the entire circuit, state the law as 
follows: 

(1) The current in the entire circuit equals the voltage across 
the entire circuit divided by the resistance of the entire circuit. 

Notice that the term “entire^* applies to current, voltage, and 
resistance. Not to one of them, but to all the factors of the 
equation. 

When applying the law to a part of the circuit, state the law 
as follows: 

(2) The current in a certain part of a circuit equals the voltage 
across that same part divided by the resistance of that same part. 

Notice here again that the values for current, voltage, and 
resistance are taken from the “same part** of the circuit. By far 
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the greatest number of mistakes in applying Ohms law come from 
dividing the voltage across one part of the circuit by the resistance 
of some other part of the circuit and expecting to get the current 
in some part of the circuit. 

Example 7 

Fig. 5 is a diagram of a typical direct-current circuit. The 
generator has a resistance of 1 ohm and generates 150 volts at no 
load. Each line wire has a resistance of 2 ohms. The iron which 
represents the load has a resistance of 20 ohms. What is tlie cur¬ 
rent in the circuit? 

Solution 

The resistance of the entire circuit is the resistance of the 
generator plus the resistance of the lines plus the resistance of the 

load, or R = 1 + 2 + 2-f 20 = 25 ohms 

The total voltage produced is 150 volts, therefore the current is 




150 


25 


: 6 amperes 


IR Drop 

The electromotive force of a generator, such as a dynamo or a 
battery, is the potential difference maintained between its terminals 
when no current is being taken from it. When current is taken 
from the generator, the terminal voltage—that is, the voltage applied 
to the line—is less than the open circuit voltage by an amount equal 
to the resistance drop or IR drop in the generator. The potential 
difference existing between two points in a circuit is called drop in 
potential, potential drop, fall of potential, voltage, and the like. 

By Ohms law the voltage drop in any part of a circuit is equal 
to the current in that part multiplied by the resistance of that part 
of the circuit. E^/XR volts 


in which E is the voltage, I the current, and R the resistance of 
that part of the circuit. 

Thus the fall of potential in that portion of a circuit whose 
resistance is H is often called the "ZR drop," as the IR drop applies 
to any part of the circuit it will also by proper use apply to the 
entire circuit. 
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Example 8 

What is the IR drop across the electric iron shown in Fig. 5, 
when 6 amperes are flowing through it? 

Solution IR drop 6 X 20 == 120 volts 

Example 9 

In Fig. 5 what is the voltage drop in the line when a current 
of 6 amperes flows through the circuit? 

Solution 

The total IR drop in the line will be twice that in one of the 
wires. The total line drop is 

IR drop = (6X2)X2 = 24 volts 

Example 10 

What is the IR drop in the generator when it is delivering a 
current of 6 amperes? 

Solution IR drop = 6X1 = 6 volts 

Example 11 

What must be the open circuit voltage of the generator in 
order that it deliver a current of 6 amperes to this circuit? 
Solutwn 

Electromotive force = 120 + 24 + 6 = 150 volts 
Or, total resistance = l-[-24"2 + 20 = 25 ohms 
Total IR drop in circuit = 6 X 25 = 150 volts 

Suppose that the circuit to the electric iron is opened by removing one of 
the wires fastened to the electric iron. Then when a voltmeter is connected to 
the two wires coming from the generator shown in Fig. 5, it will read 150 volts. 
Tlie voltmeter will also read 150 volts when it is connected to the wire removed 
from the iron and the wire fastened to the iron. The reason for this is because 
there is not any current flowing through the circuit, and the voltage between the 
two wires of the circuit is the same at all points. 

Now reconnect the wire back to the electric iron, and the voltmeter will 
read 120 volts between the two wires connected to the electric iron. (See ex¬ 
ample 8.) It will read 144 volts (150 less 6 volts drop in generator) at the ter¬ 
minals of the generator. The difference between the voltage at the electric iron 
and that at the generator is 24 volts (see example 9) which are used up in 
lorcing the current through the line which has a resistance of 4 ohms. Thus 
file I R drop is the voltage used in forcing a current through the circuit to the 
point where it is made to do useful work. 

EMPHASIZING THE IMPORTANCE OF PRESSURE. You 

have seen how the statement in the formula E = IR shows the volts 
to be the largest and perhaps the most important member of the 
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formula. You will also remember that the scientist, Ohm, devised 
this formula to represent the actual relations of the circuit over a 
long period of tests; and he was so accurate in his assumptions 
that today, after more than one hundred years, the formula is in 
universal use without a thought as to its change. As this formula 
represents the actual relations of the circuit, then it is true that the 
pressure is the essential factor of the circuit. This is as certainly 
true in the water or hydraulic systems, to which for the sake of 
study, the electrical circuits are continually being compared. 

In the water system the pipes may be full of water, but none 
will flow at the faucet unless there is pressure in the water mains. 
Just so in the electric circuit, there is no current flowing in the 
circuit unless there is electrical pressure in that circuit. 

An electrical generator is simply a device for keeping up pres¬ 
sure in an electrical system. When the generator stops, die pressure 
is cut off and the current ceases to flow. 

From these statements we can see the direct effect upon the 
current of a circuit is caused by the changing of the circuit s resis¬ 
tance. Any change in the resistance will increase or decrease the 
total resistance of the circuit which holds back the pressure, and a 
corresponding change results in the current flowing through the 
circuit. From this is also gained an idea of the interrelation be¬ 
tween pressure and current, and how the volume of the current is 
directly dependent upon the pressure of the circuit. 

Pressure is a factor supplied from an outside source, such as 
a storage battery; the amount of current is a result of a balance 
between pressure and resistance; while resistance is a physical part 
of the circuit and its change is only effected by a physical change 
in the apparatus. 

It is true that no current is lost as it passes through the circuit. 
If any current flows at all, it flows from the source of power through 
tlie entire circuit and back again to the power source. Pressure is 
the only one of these three factors which suffers a loss, and its value 
is reduced to zero as the point in its travels through the circuit is 
reached where it again enters the source of power. 

Current can be controlled through a voltage change and this is 
usually done through the adjusting of a resistance. 
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POWER EQUATION 

The Power Equation is—'TThe power, in watts, equals the 
amperes of a circuit X volts of the circuit,” and is written 

P — IE 

P standing for watts, I for current, and E for volts. 

The equation can be arranged as shown in Fig. 6. Applying 
the method learned in Ohm’s Law by covering up the quantity we 
want, it becomes evident how to find it. Cover P, Fig. 7, and you 
have P = I y^E, Cover /, Fig. 8, and you have I = P E, Cover 
E, Fig. 9, and you have E— P I, 

A study of this will show you that if the voltage of the c'ircuit be 
doubled, the circuit must be adjusted to halve the current if the 



Formula Find Power Find Current Find Voltage 

power to be transmitted is to remain the same. This is probably 
better explained with the use of a small and simple equation. In 
this way the limitation of voltage values for transmission is clearly 
shown. 

You do not have to stop and think when told that 
16 = 8 X 2 

You also know that the value of 16 is not increased nor decreased 
but remains the same, when it is written 

16 1 = 2 X 8 or 16= 4x4 

Now if we have 2 amperes flowing through a circuit with the 
pressure of 8 volts, we have 16 watts of power in the circuit. We 
would still have 16 watts if we had 8 amperes at a pressure of 
2 volts or 4 amperes at a pressure of 4 volts. 

If you were attempting to light four 4-watt lamps, you would 
know that the wattage of the circuit would necessarily have to be 
constant. You could not keep this constant if you attempted to 
raise the line voltage without some different arrangements being 
made in the circuit to hold back the current or else the wattage 
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would also rise. So the voltage of the lamps is not chosen until 
after the circuit voltage is determined, this choice will supply the 
current-limitation features of the circuit. We are primarily con¬ 
cerned here with the reduction of the line loss or ‘Voltage drop” in 
the length of the siipply lines required to reach the lamps of the 
circuit, so we will follow this study through in this direction. 

Line loss is a loss in pressure, and since this loss in pressure 
is governed by the amount of current sent through a line, it is to 
our interest to keep this current down to as small a value as prac¬ 
ticable. This can be worked out by a voltage adjustment as you 
will readily see if you follow carefully the working out of this 
Power Equation, 

We would like to transmit 16 watts to supply our four 4-watt 
lamps. Since there are no known conductors lacking resistance, it 
stands to reason that these supply mains must possess some resis¬ 
tance. For the purpose of keeping away from the mathematics of 
fractions, let us say that this supply line has a resistance (R) of 
2 ohms—a value much too high for the successful operation of so 
small a circuit, as you will soon see. The equation for power lost 
in supply lines is 

|, .11 —— 1 

P I 

orP = (7Xl)XR or | / | /? | 

Fig. 10. Power 

Loss Formula 

meaning that the power in watts lost in this line is equal to the 
amperes of the line squared (the quantity multiplied by itself) 
then multiplied by the resistance of the line in ohms. We would 
like to transmit 16 watts over this line which has 2 ohms resistance 
(2 R). Now if we have a line pressure of 8 volts, the current will 
be 2 amperes, and fitting this to our equation—you see we use the 
amperes only, not the volts—we have a power loss in the line equal 
to 2 amperes squared (2 X2) which equals 4, and this is multiplied 
by the 2 ohms line resistance. 

Pz=(2x2)X2 

Pr=i4x2=i:8 
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We have then 8 watts lost in line transmission; and since it is lost, 
it has to be deducted from the 16 watts which we ,had to transmit. 
This will leave us only 8 watts to supply our 16-watt load. Clearly 
we will have to either increase our voltage at the generator or 
decrease the resistance of our transmission line. We have taken 
in this example the highest voltage we could use unless we took a 
voltage of 16 and a current of 1 ampere. Let us continue with this 
equation P = P R and follow it through with 16 volts and 1 ampere. 
The 1 ampere squared (1 X 1) would give us a figure of 1 and this 
multiplied by the 2 ohm resistance of the hne would give us a 
power loss of 2 watts. 

P = (1X1)X2 

P=:1X2 

P = 2 watts 

This would leave us 16 — 2 or 14 watts to power our lights. We 
clearly would have to reduce our line resistance to get a smaller 
loss or else still further increase our voltage. We could do both of 
these, but even then we could not expect to deliver all the gen¬ 
erated wattage to the lamps for some line losses will always exist. 
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Electrical Power Measurements 


WORK AND POWER. The words work and power are 

often confused or interchanged in common use. The proper use of 
the term work means the overcoming of resistance. Power means 
the speed or rate of doing work. 

Work Force X Distance 

When a force acts upon a body, the product of the force multi¬ 
plied by the distance through which it acts in the direction of the 
force is called the work performed by. the force. Thus, when a force 
applied to a heavy body raises it a vertical distance, work is per¬ 
formed by the force. The amount of work is the product of the 
force and the distance of ascent. In other words, work is the result 
obtained by multiplying the force it takes to pull a bucket of water 
upward by the distance the bucket was raised. 

Force is generally measured in pounds and distance is in feet, 
so when the two are multiplied together, as explained above, the 
result is foot pounds. Therefore, the term foot pound is the meas¬ 
ure of work. 

Fig, 1 shows a man carrying a bucket of water weighing 20 
pounds up a flight of stairs to a platform 10 feet high. The force 
required to lift the bucket of water is 20 pounds, and the vertical 
distance it has been raised is 10 feet. The force required to lift a 
load or weight of any kind is always equal to the load. If an object 
weighs 20 pounds, then 20 pounds of force is required to lift it. The 
quantity of work the man has done is the product of the force and 
the distance upward, or 20 pounds multiplied by 10 feet, which 
equals 200 foot pounds. In formula form this is written as follows: 
Work = 20 X 10 = 200 foot pounds 

Fig. 2 represents a man raising a bucket of water weighing 
20 pounds, to a platform 10 feet above the level upon which he is 
standing, by means of a rope and pulley. Here again the force is 
20 pounds and the vertical distance is 10 feet. The work performed 




48 DIESEL LOCOMOTIVES-ELECTRICAL EQUIPMENT 


is still force times distance, or 20 X 10 — 200 foot pounds. The 20 
represents the force and the 10 the distance, as in above. 

Suppose, instead of lifting the water by manual effort, it is 
forced up to the bucket by a pump driven by a motor, as shown 
in Fig. 3. In order to fill the bucket, which is placed upon the 
platform 10 feet above the level of the water tank, 20 pounds of 
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Fig. 1. Man Carryins a Bucket of Water 
Up a Vertical Distance 



Fig. 3. Pvimping Water by Means of a 
Motor Driven Pump 
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Fig. 4. Man Pushing a Cart in Which Re¬ 
sistance to Motion Is Twenty Pounds 


water are required. Therefore, the motor must do 200 foot pounds 
of work. Here the motor does the work done by the man in Figs. 1 
and 2. When a horizontal force moves a body horizontally, the 
work is the product of the force and the horizontal distance. As 
an example of this, take the ordinary street car in which motors 
are used to push the car along the street. 

Fig. 4 shows a man pushing a cart. To keep the cart moving 
at a constant speed, it is necessary that the man apply a force of 
20 pounds to overcome the friction or resistance to motion. There¬ 
fore, when he has pushed the cart 100 feet, he has performed an 
amount of work equal to force times distance, or 
20 X 100 2000 foot pounds 
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In any of the above cases no mention of time has been made. 
The amount of work done is the same whether the task has been 
performed in one minute or one hour. 

POWER. In the formula for calculating power, it is necessary 
to divide the force times the distance (in other words, the work) 
by the time taken to do the work. 

Force X Distance Work 
= -ftai-= tW 

Power means the speed or rate of doing work. The faster work 
is done, the greater the power required to do it. Fig. 3 shows a 
motor-driven pump raising water from a tank to a platform 10 
feet above it. To deliver 20 pounds of water, it will take 200 foot 
pounds of work. In order to deliver this water at the rate of 20 
pounds per second to a height of 10 feet, the power required is 
20 V 10 

-j-=200 foot pounds per second, or 200 X 60=12,000 foot 

pounds per minute. First, we found the power required per second 
to lift 20 pounds of water in a second by dividing the work by one 
second. Then we found the foot pounds per minute by multiply¬ 
ing 200 by the number of seconds in a minute. Suppose the man 
shown in Fig. 4 pushes the cart 100 feet in six seconds. The power 

20 X 100 

required is work done divided by the time, or-^-= 333^3 foot 

pounds per second. 

Study the above explanations very carefully until you are sure 
you understand them and will remember them. 

HORSEPOWER. The earliest use of steam engines was to 
pump water from mines. This work had pre\ iously been done by 
horses, consequently, the power of the various engines was esti¬ 
mated as equal to that of so many horses. Finally, James Watt 
carried out some experiments to determine how many foot pounds 
of work a horse could do in one minute. He found that a strong 
dray horse working for a short time could do work at the rate of 
33,000 foot pounds per minute. This rate is therefore called horse¬ 
power. To determine the horsepower of a machine, compute the 
number of foot pounds of work per minute and then divide by 
33,000. tt foot pounds per minute 

^ 33,000 
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Referring to Fig. 3, the horsepower required to raise 20 pounds 
of water 10 feet in one second is 
Horsepower = 

(A) (B) (C) 

pounds per minute X height_Foot pounds per minute 12,000 ^ 

33;000 ~ 337000 ^ 

The first part (A) of this horsepower formula refers to the 
explanation for finding power. If 20 pounds of water must be lifted 
per second, then in 60 seconds (one minute) 20 X 60 = 1200 pounds 
of water would be lifted. We must always base our calculations 
on minutes, because the horsepower formula is based on minutes. 
Now if we multiply 1200 by 10 (the distance), we get 12,000 foot 
pounds, which is the power. Thus the formula at (A) could be 

„ 12,000 

Horsepower = 

The second part (B) of the horsepower formula means the 
same as the part at (A). The only difference is in the wording, 
because pounds per minute times height gives foot pounds per 
minute. So (B) could be written. 

„ 12,000 

^ 33,000 

In the third part,(C) of the horsepower formula, we have used 
the numerical value of pounds per minute times height and foot 
pounds per minute. Then 12,000 is divided by 33,000 and the an¬ 
swer is as shown. These three steps show how the horsepower 
formula is developed and should be very carefully studied. 

The horsepower required to push the cart. Fig. 4, a distance of 
100 feet in 6 seconds, that is, to do 20,000 (see explanation on 
page 49) foot pounds work per minute, is 

tt foot pounds per minute 20,000 ^ ^ 

^ 33,000 33,000 

ELECTRIC POWER. To measure waterpower, we must know 
the quantity of water flowing by a given point per minute and the 
head (which means height) to which it is raised. 

Waterpower 1 = quantity of water per minute X head 

TT pounds per minute X head 

Horsepower = £-- 


Horsepower: 
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To measure electric power, we must multiply the quantity of 
electricity flowing per second, that is, the current in amperes, by 
the voltage. 

Electric power = Amperes X Volts 

In the problem illustrated by Fig. 3, it was stated that 20 
pounds of water was being delivered to the platform in one second. 
Thus we speak of the water as flowing at the rate of 20 pounds per 
second. In much the same way we speak of electricity as flowing 
along a wire at the rate of so many coulombs per second. The 
coulomb is the unit of quantity of electricity, just as the gallon is 
the unit of quantity of water. We have to consider the rate of flow 
of electricity so often that we have a special name for the unit of 
rate of flow (one coulomb per second). We call it an ampere. 
Thus 5 amperes means 5 coulombs per second. 

The waft is the unit of electric power and may be defined as 
the power required to keep a current of one ampere flowing under 
a drop or head of one volt. For example, if a lamp draws 0.5 am¬ 
peres from a 110-volt circuit, it is using power at the rate of 
0.5 X 110 =: 55 watts. Since the watt is a very small unit of power, 
we commonly use the kilowatt (Kw.), which is 1000 watts. 

Kilowatt 

Inasmuch as mechanical power is reckoned in horsepower, it 
will be convenient to know the relation of the unit of mechanical 
power to the unit of electrical power. Experiment shows that 
1 horsepower = 746 watts 
1 kilowatt = 1.34 horsepower 

DIRECT-CURRENT POWER MEASUREMENTS 

VOLT-AMMETER METHOD. In direct-current circuits, 
power is equal to the product of the volts applied to the load times 
the current in amperes passing through the load. 

Power ==: Volts X Amperes 

It is therefore the usual practice to measure direct-current power 
by means of a voltmeter and an ammeter, it only being necessary 
to multiply the volts by the amperes to obtain the power in watts. 
Particular care must be taken that they are the true values as stated 
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above, namely, the volts applied to the load and the current in 
amperes passing through the load. To obtain these values certain 
precautions are necessary. Should the meters be connected as 
shown in Fig. 5 or in Fig. 6? The voltmeter, connected as shown 
in Fig. 5, measures the true volts applied to the load but the am¬ 
meter reads the sum of the current taken by the load and that pass¬ 



ing through the voltmeter. When connections are made, as shown 
in Fig. 6, the ammeter indicates the exact amount of current passing 
through the load but the voltmeter indicates the sum of the voltage 
drop across the lamp and the voltage drop across the ammeter. 

Power calculated from the indications obtained with connec¬ 
tions as in Fig. 5 would indicate the watts delivered to the load 
plus the watts dissipated in the voltmeter. If the voltmeter resis¬ 
tance is known, its wattage may be calculated by di\ iding the 
voltage squared (multiplied by itself) by the resistance. 

Voltmeter Watts 

Ohms 
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If the voltmeter resistance is not known, it may be measured 
by connecting the voltmeter in series with a low range ammeter 
and applying the line voltage. The resistance is then calculated by 
Ohms Law, from the current indicated by the low range ammeter 
and the voltage indicated by the voltmeter. A quick check to de¬ 
termine whether or not it is necessary to deduct the watt loss in 
the voltmeter is to open the load circuit at point A, Fig. 5, and note 
the ammeter reading. If the deflection is too small to be read, 
then the watts loss in the voltmeter is small compared to the watts 




taken by the load and may be neglected. This is the most accurate 
method of measuring direct-current power when corrections are to 
be made for power lost in the instruments. 

When approximate measurements are desired of low voltage 
loads (100 watts or under), the connections as shown in Fig. 6 are 
convenient. In this case the watt loss in the ammeter is so small it 
is usually neglected. However, when measurements are taken for 
loads carrying larger currents, the losses in the ammeter shunt and 
connections may become great enough to introduce an appreciable 
error in the results. 

Let us assume that we desire to measure the wattage of a 25- 
watt incandescent lamp and that the instruments are connected as 
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shown in Fig. 5. The instruments used are 0.300-ampere ammeter 
having a resistance of 0.17 ohms and a 150-volt voltmeter having 
a resistance of 15,000 ohms. The ammeter scale shown in Fig. 7 
indicates 0.218 ampere. The voltmeter scale shown in Fig. 8 indi¬ 
cates 119.5 volts. 

Apparent Power = Volts X Amperes 

~ 119.5 X 0.218 =: 26.05 Watts 


Voltmeter Watts = 


Volts X Volts 
Ohms 


True Watts 


119.5 X 119.5 
~"l5;000 


= 0.95 Watts 


= 26.05 - 0.95 25.10 Watts 


Per cent error zn—' X 100 1 = 3.78% 

Since the ammeter has a resistance of 0.17 ohm and is carrying 
0.218 amperes, the voltage drop across it is, by Ohms Law, 

Volts = Amperes X Ohms 

= 0.218 X 0.17 == .037 volt 


The true line voltage is then the sum of the voltage across the load 
plus the drop across the ammeter. 

Line Volts — Load Volts + Drop across Ammeter 
== 119.5 + .037 = 119.537 volts 

On the scale illustrated in Fig. 8, it is practical to read only to 
the nearest half of a scale division which is 0.5 volt. Therefore, 
with the instruments connected as shown in Fig. 6 and the same 
line voltage as in Fig. 5, the voltmeter would still indicate a reading 
of 119.5 volts. However, we will use the calculated figure given 
above in order to work out the error in this method of measurement. 

If the voltmeter be connected outside the ammeter, as shown 
in Fig. 6, the ammeter will read the true current passing through 
the lamp. This current will be equal to the ammeter reading for 
Fig. 5 less the current passing through the voltmeter. 

Voltmeter Current = 

Ohms 

= .008 ampere almost 

15,(XXj 
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Current passing through the lamp is then 

0.218 — 0.008 = 0.210 ampere 
Apparent Power — Volts X Amperes 

= 119.537 X .210 izi 25.102 
Since the true wattage is 25.10 watts 

Error 25.102 — 25.10 = .002 watts 

Per cent error X 100 — .008% 

The error is so small as to be negligible. 

When tests are made on larger loads requiring several thousand 
watts, the loss in the voltmeter becomes so small in comparison to 
the amount of power measured that it is negligible. However, the 
losses in the leads and connections between the point where it is 
convenient to connect the ammeter and the load to be measured 
become an important factor which must either be accounted for or 
eliminated from the calculations altogether. 

The exact amount of losses in the leads and connections is 
difficult to determine, since they consist of not only the ohmic 
resistance of the conductors and shunt but also include the losses 
due to contact resistance whenever there are joints. Because con¬ 
tact resistance is a variable and not easily measured quantity, pre¬ 
cautions should be taken in testing to eliminate its effect as much 
as possible. 

When small currents are to be measured, the error due to 
contact resistance is small and, when care is taken in making con¬ 
nections, will have verv little effect on the meter indications. But 
when the currents are large, the contact losses become an appre¬ 
ciable amount of the power to be measured and, for accurate work, 
measurements must be so taken as to eliminate this error. 

Fig. 9 shows the necessary connections for measuring the 
power delivered to a 20-horsepower 230-volt direct-current motor 
operating at almost full load. The purpose of this test is to deter¬ 
mine whether or not the motor is overloaded. In order to demon¬ 
strate the error due to the two methods of connecting in the volt¬ 
meter, both connections are shown and values of resistance have 
been assumed for the resistance due to the leads and contacts. 

In the plus lead, the resistance of connections from the motor 
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to the point A at which the voltmeter is connected we will assume 
is 0.02 ohm, and the resistance of the negative lead including the 
shunt and connections is 0.025 ohms from the motor to the point B, 
The ammeter indicates 62.5 amperes and voltmeter No. 1 indicates 
225 volts. Voltmeter No, 1 is connected directly to the motor 
terminals and therefore indicates the true voltage applied to the 



V0LTMEmNo,2. AMMETER VOLTMETER NoJ, 


Fig. 9. Necessary Connections for Measuring Power Delivered to a 
20-Horsepower D.C. Motor 


motor. The ammeter indicates the sum of the current taken by 
the motor plus that taken by the voltmeter. 

Apparent Power — Volts X Amperes 

= 225 X 62.5 = 14,062.5 watts. 

The resistance of the voltmeter is 30,000 ohms 

Voltmeter No. 1 Loss = 

Ohms 

1-69 watts 

30,000 

True Watts = Apparent Watts — Losses 

1 = 14,062.5 — 1.69 r=r 14,060.8 watts 

^ ^ Losses 

Ter cent error =- 

True Watts 

The error is so small that it is negligible. 


Per cent error 


X 100 = 0.012 
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Now let us consider the indications resulting if the readings 
are taken with the voltmeter connected on the line side of the am¬ 
meter as represented by voltmeter No. 2. 

The total line resistance between the points A and B and the motor 
is 

0.025 -f 0.02 = 0.045 ohm 

Voltage Drop in Line ==: Amperes X Ohms 

1 = 62.5 X 0.045 = 2.81 volts 


Therefore the line voltage indicated by voltmeter No. 2 is 
Line Voltage — 225 + 2.81 = 227.81 volts 
The current taken by voltmeter No. 1 is 

Volts 


Current = 


Ohms 

225 


: 0.0075 amperes 


30,000 

As this is much too small an amount to be read on the scale of the 
ammeter, the indication will still be 62.5 amperes. 

Apparent Wattage = Volts X Amperes 

= 227.81 X 62.5 = 14,238.1 watts 
Error — Apparent Wattage — True Wattage 
14,238.1 - 14,062.5 = 175.6 watts 
Losses 


Per cent error 


True Watts 


XlOO 


175.6 


-X 100= 1.25% 


14,062.5 

While this error is small, it is uncertain and difficult to measure, 

therefore, the results obtained from the indications of the ammeter 

and voltmeter No. 1 are to be preferred. 

The watts indicated may now be converted into horsepower 

by dividing by 746, since 746 watts is equal to one horsepower. 

„ Watts 

Horsepower = - 


746 

14,062.5 


746 


= 18.9 


The motor is therefore not overloaded, since it is rated at 20 horse¬ 
power. 
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Chapter V 


Transmission Equipment 


MAIN GENERATORS. The standard construction of the 
larger capacity railway generators includes a rolled steel frame 
(some of the smaller machines have cast steel frames) built of 
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Fig 1. Phantom View of Locomotive Showing Electrical Equipment m Black 


ample section for the mechanical and magnetic duties to which it 
is subjected. Feet or flanges are welded to this frame for support¬ 
ing purposes. The inside of this rolled frame is then machined to 
insure an accurate seat for the pole pieces (usually eight mam pole 
pieces in the larger sizes and four for the smaller capacities). A 
rigid end bracket is provided which bolts to the end of the frame 
ring and carries the brush holders and the anti-friction bearing 
supporting one end of the generator armature. (See Figs. 2 and 3.) 

The main pole pieces are of laminated steel carefully riveted 
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together and held to the frame by tap bolts or studs through the 
frame. The field coils are impregnated and baked with insulating 



Fig. 2. Westinghouse Rolled Steel Frame Generator for 
150 hp. 1800 r.p.m. Diesel Engine 



Fig. 3. Roller Beanng Location and Assembly 

compounds to guard against movement and chafing within the coil 
and to permit free flow of the internally developed heat to the 
surfaces. 
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The armature is a solid structure, as shown in Fig. 4, carefully 
built to withstand high speed and all of the vibrations (lateral and 
torsional) incurred in operating with a Diesel engine. It is dynami¬ 
cally balanced both before and after winding to reduce vibration, 
and it is supported at one end by the anti-friction bearing 
and at the other end by the engine crankshaft. Construction is such 
as to provide adequate ventilation without allowing pockets for the 
accumulation of dirt and moisture. A fan mounted on the rear of 
the spider is balanced before assemblv on the armature and it is 



Fig. 4. Complete Generator Armature 


arranged to draw air from the commutator end of the generator both 
through the annature (pore and air gap, also past the field coils, for 
removing the heat released in the generator windings and nfiagnetic 
structure. (See Fig. 5.) The laminated steel armature core and 
the commutator are each mounted on its individual spider (the com¬ 
mutator spider being fastened to the armature spider) so that a 
shaft may be replaced without disturbing the armature, or a com¬ 
mutator may be removed without moving the steel core. In the 
smaller sizes of machines the armature spider is sometimes omitted 
to reduce the machine size, but the construction is still such that the 
shaft may be replaced without disturbing the assembly. 

Armature coils are form-wound, insulated, and pressed to size 
during their manufacture, to insure close fits. The armature is 
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wound with these coils, heated, and then temporary bands are 
applied, using maple or steel strips in the top of each slot to press 
the coils solidly into place under the pressure of these temporary 
bands. The coil leads are then soldered to the commutator bars and 
the armature again heated, then dipped in an impregnating com¬ 
pound and baked. This insulating compound holds the coils firmly 
in place, allowing the temporary bands to be removed and the 



Fig 5. Rear View of a Diesel Electric Generator 


wedges and permanent bands to be applied. Another reheating and 
a final dip and bake precede the final check of the commutator for 
solidity and smoothness and the final dynamic balancing. 

The method of holding the armature coils in place has an 
important bearing on the generator efiiciency. Where steel bands 
were formerly used to hold the coils in the armature slots, Micarta 
wedges are now driven into grooves near the top of the slots, thus 
removing the necessity of having band wire in the vicinity of the 
armature core. The end windings are banded down solidly by non¬ 
magnetic band wire under controlled tension, as shown in Fig. 6. By 
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the removal of these bands from the magnetic path, eddy current 
losses are reduced and the danger of loosening the band wire is 
minimized. 

The insulation of the armature and field coils of a Diesel electric 
generator is Class B, which includes glass, asbestos, and mica. The 
American Institute of Electrical Engineers has determined that ma> 
chines with this class of insulation are suitable to operate continu¬ 
ously with a temperature rise of 120° Centigrade for the armature 



Fir 6 Appl\7ng the Permanent Non-Magnetic Bands to an 
Armature Under Controlled Tension 


and 130° Centigrade for the fields, corresponding to 248° and 
266° Fahrenheit. Thus, for a day on which the thermometer regis¬ 
ters 100° Fahrenheit, it is perfectly safe to operate these machines 
at a maximum internal temperature of 348° F. in the armature and 
366° F. ill the fields. 

TRACTION MOTORS. In the past, Westinghouse has con¬ 
structed most of its Diesel electric traction motors with a box type 
cast frame. Some of the motors for narrow gauge have been built 
with a split frame so that an armature could be removed without 
taking the whole motor out of the locomotive or railcar, but tlie 
box frame construction is so much more satisfactory that its use 
is almost universal. While some of the recent high-speed motors 



64 DIESEL LOCOMOTIVES-ELECTRICAL EQUIPMENT 

(using multiple gear reductions) have rolled steel frames, a recent 
development by Westinghouse is an axle hung traction motor whose 
frame is welded from standard steel plates and shapes, resulting in 
a powerful motor whose magnetic paths may be more closely pre¬ 
determined and which is stronger structurally than the cast frame 
motor. (See Fig, 7.) 



Tig 7. Westinghouse Type 362-B Traction Motor Having a 
Welded Steel Frame 



Fig 8 Relief-Bored Axle Bearmg 


Internally the welded frame motor embodies the latest features, 
including Class B insulation throughout, as used in all modern high 
efficiency traction motors. The main and commutating pole pieces 
are bolted to machined seats in the frame by tap bolts or studs 
through the frame, these being sealed against the entrance of water. 
The pinion end housing is cast (because a casting is more practical 
for this detail) while the commutator end housing is fabricated. 



transmission equipment 


65 


These carry ample sized roller bearings for supporting the armature. 
Each axle bearing is of the split type to facilitate the removal of a 
motor from an axle and is constructed with a bronze shell, relief- 
bored at the ends to insure ample lubrication for the end thrust 



Fig 9. Rear of Type 362-B Traction Motor Showing 
Double Nose Supporting Lugs 



Fig 10 Wedging n Traction Motor Armature 


flange and to allow the beaimg to seat itself propelly. (See Fig. 
8.) Each axle cap is held in place by two through-bolts and two 
tap bolts of high grade steel. A bolted-on axle dust guard prevents 
the ready entrance of dust and dirt from the roadbed. One brush 
holder per main pole is provided. Wiring “out of frame” is carefully 
roped and cleated to minimize vibration and thus prevent chafing. 
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The support of the motor opposite the axle is spring cushioned 
against shock for either direction of motion by a double nose sus¬ 
pension arrangement. Fig. 9 shows the upper and lower supporting 
lugs. 

Each main pole piece is constructed of laminated steel, rigidly 
riveted, and carries a series field coil. The series field coils and the 



Fig. 11. A Completed Traction Motor Armature 



Fig. 12. Gearing for Traction Motor 


commutating field coils are impregnated with an insulating com¬ 
pound and baked, to insure rigidity and to facilitate the flow of 
internally generated heat to the coil surfaces. A spring washer 
against each coil insures a firm field structure. 

The armature is of spider construction so that a shaft or a com¬ 
mutator may be removed without disturbing other portions of the 
assembly. In other respects it is also similar to the armature of the 
main generator. (See Figs. 10 and 11.) 
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spur gearing is used between the armature shaft and the axle, 
this being of forged steel treated by the Westinghouse B. P. process 
for additional strength and long life. (See Fig. 12.) 

AUXILIARY GENERATORS. These machines are of conven¬ 
tional Westinghouse railway design, insulated throughout with Class 
B insulation and embodying the same care of manufacture which 
characterizes the main generator and the traction motors. When 
the auxiliary generator is of small size (due to mechanical drive 
of the fans and compressor) this machine is usually mounted in a 
common frame with the exciter (Fig. 13), the two armatures being 
on the same shaft supported by two antifriction bearings. When the 



Fjg. 13. Combination Auxiliary Generator-Exciter Set Arranged for "Belt Drive 
for Switching and Some Koad Locomotives 

electrical drive of the compressor and fans is employed, the auxiliary 
generator is considerably larger and is usually driven directly by the 
engine (See Fig. 14), the armature being overhung on an extension 
of the main generator shaft without bearings and the frame sup¬ 
ported by the main generator end housing. A two-bearing exciter 
is then driven from the end of the auxiliary generator shaft extension 
through a flexible coupling. 

DIFFERENTIAL FIELD EXCITERS. The first automatic sys¬ 
tem of control involved the use of a differential field winding 
included as a part of the main generator field winding so that, as 
the current being delivered by the generator to the traction motors 
increased, the voltage of the generator would decrease. While this 
system was very simple, the addition of such a differential winding 
to the main generator fields increased the size of the main generator 
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very materially. In addition, the characteristic which resulted from 
the use of such diflFerential winding did not meet the requirements. 
Fig. 15 shows the shape which the performance curve of a Diesel 



Fig. 14. Direct Driven Miin CenerAtor with Belted Auxiliary Generator 
and Exciter for Road Locomotives 



Fig. 15. Fundamental Characteristic Curve Fig. 16. Usual Differential Field 

of Diesel Electric Motive Power Characteristic 

Electric generator should take, while Fig. 16 shows the character¬ 
istic of a generator with a differential field winding. Since the one 
is a concave curve and the other a convex curve, it is obvious that, 
if one is superimposed over the other, the engine may be seriously 
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overloaded over a considerable range of train speed, or if the convex 
curve is shifted downward the engine may be under loaded over a 
wide range. The net result was that, where this overloading 
occurred, die engine speed would necessarily drop and thus reduce 
its output. Fig. 17 shows the net performance curve by the use of 
such a straight diflFerential field. 



Fig. 17, Overloading and Engine Speed Fig. 18. Westinghouse Differential Exciter 
Drop When Usual Differential Field Is Used Field Arrangement 




Fig, 19. Early Westinghouse Diesel Exciter Fig. 20. Early Westinghouse Main 

Characteristic Curve Generator Characteristic 


An early study of this problem resulted in a scheme which was 
very practical and which gave much better engine loading charac¬ 
teristics than any other differential control or exciter scheme devised 
previously. Since any differential field increases the size of the gen¬ 
erator to which it is applied, it was an*anged to place this winding 
on the exciter rather than the main generator, thus making this in¬ 
crease in generator size apply to the smaller machine only. By dis¬ 
tributing this winding on but two poles of a six-pole exciter, as 
shown by Fig. 18, the voltage generated by the four other poles is 
approximately constant at a fixed speed, as shown by A of Fig. 19. 
The two poles, which carry both a separately excited winding and 
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a main generator amperes differential series Seld coil, are reduced 
in magnetic section so that they saturate. At some particular value 
of main generator current the differential field just neutralizes the 
separate excitation, and under those conditions the machine gener¬ 
ates only that voltage resulting from the four poles. This is the point 
C. As the main amperes reduce to zero, the voltage generated by the 
separately excited v^indings of the two poles adds to that of the four 
poles, but due to the saturation of the former, the curve bends over 
to the point B. Conversely, as the main generator amperes increase 
above the value at C, the two-pole voltage reverses and subtracts 




Fig. 21. Modem Westinghouse Differential Fig. 22. Simplified Schematic Mjdem 
Exciter Characteristic Differential Control 

from the four-pole voltage, and again because of the saturation, 
bends the curve to the point D. The exciter curve thus becomes as 
shown from B to C to D, which is the desired concave characteristic. 
As the exciter reproduces its characteristic in the main generator, the 
main generator characteristic curve becomes that shown by Fig. 20, 
which gives very satisfactory engine loading. Westinghouse has 
further studied this problem and, by additional compounding to 
give the exciter curve as shown in Fig. 21, fills out the points A and 
B so as to employ full engine horsepower over the widest possible 
range of speed and tractive effort. In addition, this modem differ¬ 
ential control reduces the change in output which had been 
involved in previous differential control systems due to variation in 
temperatures of the electrical equipment and consequent changes 
in resistance of the various field windings. A simple schematic of 
the modem differential control is shown by Fig. 22. 

GENERAL ELECTRIC DRIVE SYSTEM. A schematic dia¬ 
gram of the electric transmission employed by the General Electric 
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Co. with the Lemp system of automatic control is given in Fig. 22A. 
It will be noted that the generator has two field's, one a constant 
shunt field supplied by a separate exciter, the other a diflFerential 
series field. The effect of the latter is to reduce the excitation and 
therefore the generated voltage when the current output increases. 
This is just the opposite to the effect of the series field of an ordinary 
compound-wound generator. The result of the opposed fields is a 
generator characteristic having the amperage and voltage relations 
shown in Fig. 22B. 

Two traction motor combinations are used. In the first com¬ 
bination the motors are connected in series, and in the second com¬ 
bination in parallel. Referring to Fig. 22A the contactor S is closed 



Fig, 22A. Diagram of a General Electric Locomotive Control 


for the first motor combination and only contactors P-1 and P-2 
are closed for the second combination. In order to develop a high 
torque, the motors demand a large current from the generator. To 
make an economical design, the current demand from the generator 
is reduced to a minimum in the first motor combination by connect¬ 
ing the motors in series, when contactor S is closed. After the loco¬ 
motive or train is started and speeds up, the torque demand of the 
motors decreases, which in turn decreases the current demand from 
the generator. With a decrease in generator current, an increase 
in generator potential is automatically obtained, as will be seen 
from Fig. 22B, which results in an increase in the speed of the loco¬ 
motive. 

In the first motor combination, in which the motors are in series 
across the generator, the voltage across each motor will be one-half 
that of the generator. At a pre-determined speed, it is the usual 
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practice to transfer the motors from the first to the second combina¬ 
tion in which the motors are connected in parallel. Each motor then 
has full voltage across the terminals. The locomotive speed is ap¬ 
proximately the saine just before, during, and after the transfer. 



Amps Gen 

Fig. 22B. Curve Showing Relation of Generator Voltage, and Current 
Courtesij of General Electric Company 

During this time the torque demand remains the same, so that each 
motor continues to draw approximately the same current. 

Since the motors are connected in parallel after the transfer, the 
current demand from the generator is then twice as much after as 
before, or in other words, at least a part of the cycle is repeated 
over the generator characteristic, but with the motors running at 
higher speed. 

Further increase in motor speed is obtained by shunting (and 
weakening) the motor fields by means of resistors and switches Ml 
and M2, Fig. 22A. The current demand for a given motor torque 
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is greater with reduced field than for full field, resulting in opera¬ 
tion over a part of the generator characteristic a third time when 
the motor fields are shunted. 

The electrical equipment is designed to perform the above 
functions under control of the operator through the engine throttle 
handle and the controller handle, which are used to start and run 
the locomotive. The running speed of the locomotive is determined 
by the speed and output of the engine. The motor combinations 
are selected by the different operating positions of the controller 
handle. There are three positions of the controller handle for both 
the forward and reverse connections, and one ‘"off” position. These 
operating positions give the first and second motor combinations 
and, finally, the field shunting of the traction motor. 

The engine throttle, which is usually operated manually, con¬ 
trols the fuel input to the engine. After the engines have been 
started, the operator puts the controller handle in the first operating 
position, in the desired direction of movement of the train, and then 
opens the engine throttle. This speeds up the engine and automati¬ 
cally applies power to the traction motors. 

As the throttle is opened, the speed of the engine increases and 
the generator increases its output until at full engine speed the gen¬ 
erator is delivering its full load. 

After the train has reached a pre-determined speed, the con¬ 
troller handle can be moved from the first to the second operating 
position, and later from the second to the third, usually with the 
engine throttle open. Provision is now frequently made in the con¬ 
trol so that the operator in starting the locomotive can place the 
controller handle in the last operating position and the different 
motor combinations will then be obtained automatically. 

ELECTRICAL AUXILIARIES. The electrical auxiliaries of a 
locomotive usually consist of fan motors for cooling the engine 
radiators, motor-driven air compressors for furnishing compressed 
air for the air brakes, motor-driven fans for ventilating the traction 
motors and some source of power for charging the storage battery. 
In general, the control of these auxiliaries is a major problem, 
because they must function properly when operated from a vari¬ 
able-voltage source. With recent improvements in the electrical 
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equipment, it is now possible to obtain a constant-voltage source 
with normal variations in engine speed from idling to full speed. 

CONTROL APPARATUS AND CIRCUITS. Any Diesel elec¬ 
tric control system must of necessity include a variety of items. 
There are, in general, eleven types of control items used for full and 
complete control, protection, and utilization of the engine power 
and for control of train movement. These are as follows: 

Contactors—{'where limited currents are handled, Fig. 23). 



Fig. 23. Railway Contactor 


Ref. No. Description of Part Ref. No. Description of Part 


1 

Base 

16 

Arcing horn for stationary contact 

2 

Frame 

17 

Stationary contact tip 

3 

Operating coil 

18 

Insulated stud for frame and con¬ 

4 

Core for operating coil 


tact support base 

5 

Armature lever and plate 

19 

Spacer, for stud 

6 

Moving contact support 

20 

Insulated stud to fasten shunt to 

7 

Moving contact tip 


base 

8 

Shunt with clips 

21 

Blowout cnil 

9 

Spring 

22 

Core for blowout coil 

10 

Hinge pin for moving contact 

23 

Insulation tube for core 

11 

Arcing horn 

24 

Arc box 

12 

Hinge pin for armature 

25 

Pole piece 

13 

Bearing bracket 

26 

Hinge side plate 

14 

Base for stationary contact 

27 

Hinge for arc box 

15 

Support with arc horn 

28 

Copper tube terminal 



29 

Terminal clip 
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Ehctro-pneumaticaUy Operated Unit Switches—(where large 
currents are to be interrupted. Fig. 24) 



Fig 24. Unit Switch 


Ref No Descnption of Part 

1 Magnet valve 

2 Air cylinder 

3 Cylinder cap 

4 Interlock bracket 

5 Piston insulator 

6 Insulation shield 

7 Piston rod 

8 Piston spring 

9 Follower washer 

10 Piston packing 

11 Piston packing expander 

12 Piston washer 

13 Side bar, R H 

14 Air connection 

15 Insulation for interlock 

16 Arc box guide 

17 Contact support yoke 


Ref No Descnption of Part 

18 Lower arc horn 

19 Contact support 

20 Contact 

21 Sprmg 

22 Shunt 

23 Upper arc horn with blowout coil 

24 Insulation for blowout coil 

25 Core for blowout coil 

26 Insulation for core 

27 Insulation spacer 

28 Terminal base 

29 Termmal 

30 Insulation tube with plugs 

31 Arc box bracket 

32 Pole pieces 

33 Pole piece insulation 

34 Barriers 
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Traction Motor Reversers--{Fig, 25) 

Controllers 

Engine Governor Operators 

Push Button Boxes for Auxiliary Circuits—{Fig, 26) 

Relays: Regulating, Reverse Current, Transition, Ground Pro- 
tection. Etc, 

Knife Switches 



Ref. No. Description of Part 

1 Magnet valve 

2 Finger board 

3 Insulation for board 

4 Main finger 

5 Fmger tip 

6 Finger base 

7 Terminal 

8 Support 

9 Fmger block 

10 Fmger base 

11 Fmger 

12 Spacer 

13 Contact support 


Ref No. Description of Part 

14 Contact 

15 Termmal clip 

16 Air cylinder 

17 Cylmder cap 

18 Piston rod 

19 Piston washer 

20 Follower washer 

21 Expander 

22 Piston packmg 

23 Bearing bracket 

24 Cylinder lever 

25 Drum contacts 
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Resistors 

Fuses 

Meters 

While these items may vary in size and arrangement, depending 
upon their purpose (such as contactors, different sizes being used 
for traction motor field shunting and for generator field circuits), 
all must be especially designed for railway service. It has been 
found by experience that equivalent apparatus which will operate 
successfully in industrial service cannot be operated without trouble 
on a railway vehicle. 



Fig. 26. Push Button Box 


Ref. No. Description of Part 

1 Box 

2 Cover with latch 

3 Latch 

4 Eye bolt 

5 Tlmmb nut 

6 Finger board 

7 Finger base 

8 Spacer 

9 Fmger 

10 Finger shields 

11 Terminal block 

12 Terminal clip 


Ref. No. Description of Part 

13 Fuse clip 

14 Push rod 

15 Collar 

16 Contact block 

17 Contact 

18 Collar 

19 Sleeve 

20 Spring, used on engine start button, 

etc. 

21 Guide 

22 Fuse 
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KEYS TO THE STUDY OF DtESEL ELECTRIC SYSTEMS. 

A Diesel electric equipment may consist of any desired combina¬ 
tion of generators and traction motors, also, while the electrical cir¬ 
cuits are basically the same, there are many ways in which these 
combinations may be connected. For the sake of simplicity. Fig. 27 
shows a single generator (GEN) providing electrical power for 
two traction motors (No. 1 and No. 2), the latter being connected in 
parallel (with each other). Current flowing from the positive side 
of the generator (+) by way of conductor G+, divides and passes 
through two switches, PI and P2 (when these are closed), to the 
traction motor armatures No. 1 and No. 2. After passing through 
these armatures the current flows to the respective reverser con- 



Fig. 27. Basic Power Circuits for Diesel 
Electric Motive Power. Parallel Motors 


tacts, thence passing through the motor field windings and back 
to the reverser contacts, from which point it returns to the negative 
side of the generator (—) via conductor G—. Reverser contacts 
are arranged so tliat the current may be passed through the fields in 
one direction or the other to secure the direction of motor rotation 
desired. From this it may be seen that with the generator producing 
voltage and the switches PI and P2 closed, the motors will tend 
to rotate and move the train. If the generator voltage is low the 
train may move slowly, while if the voltage is high it may travel 
fast, that is, the speed of each motor when developing a given trac¬ 
tive force will vary somewhat as the voltage varies. 

It may be noted from Fig. 27 that the current which flows 
from the generator must be twice as great as that which flows 
through each motor. When starting a train, the heavy current re- 
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quired for each motor imposes double this current value on the gen¬ 
erator, which is sometimes considered to be excessively severe for 
the generator. To reduce the generator current value during start¬ 
ing, then, the traction motors may first be connected in series and 
then later be connected in their normal parallel relation. These 
connections are shown by Fig. 28. In this instance, current first 
passes from the generator, through G-\- conductor, through motor 
No. 1, through switch S (which is the first one to be closed), then 
through motor No. 2 and back to the generator via conductor G. 
In this manner full starting current equivalent to that of but one 
motor is all that is drawn from the generator. In this case, how¬ 
ever, the maximum voltage which each motor gets is but half of 
that generated, so the minimum train speed with these connections 



Fig. 28. Deviation from Basic Circuits for Fig. 29. Basic Power Circuits for One Gen- 
Diesel Electric Motive Power. Series, Parallel erator and Four Traction Motors. Series, 
Motor Connections Parallel Connections 


is, roughly, half of the full train speed. As the train speeds up to 
half speed, however, the current drawn by the traction motors 
decreases to a value which will not overload the generator if the 
motors are connected in parallel. The second step of a train accel¬ 
eration, then, is to close switch PI, open switch S, and then close 
switch P2, which places both motors in parallel across the generator. 

In most of the larger sizes of Diesel switching locomotives it is 
customary to use one engine and generator and four traction motors. 
Because it is easier to build a generator having double normal 
voltage than to build one having excessive current capacity, such 
switchers usually have two motors grouped permanently in series 
and two such groups connected in parallel or in the series, parallel 
relations similar to Fig. 28. Fig. 29 shows a 4-motor grouping. 
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Diagrams are usually available for Diesel electric motive power. 
After a study of Figs. 27, 28 and 29, it should be relatively simple to 
trace out the scheme of connections for any particular unit. It may 
be pointed out that the designing engineer who lays out a Diesel 
electric transmission system first prepares a schematic diagram 
showing the scheme of electrical connections by a relatively simple 
line diagram embodying as few turns and crosses of the lines as 



possible, from which he later prepares the actual wiring diagram to 
correspond more nearly to actual locations and conduit runs of the 
motive power unit itself. Much more infonnation as to the actual 
functioning of the equipment may be obtained from the schematic 
diagram than from the wiring diagram. 

Referring to Fig. 30, this diagram represents the main power 
circuits of a 1000 horsepower Diesel locomotive. Before following 
this through, it is necessary to identify each piece of apparatus. The 
various exciter and generator field coils are labeled and are readily 
distinguished. The other items are as follows: 

EF, Gj, Go, GF, Ml to Me = Magnetic contactors. 

Pi, Pz Pneumatically closed contactors. 

GEN. =: Main generator. EXC. — Exciter. 
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1, 2,3,4= Traction motor armatures. 

A, B, C, D = Traction motor fields. 107,108 = Resistors. 
LA = Load ammeter. 104 = Ammeter shunt. 

X,Y — Reverser contacts. FSj to FSs = Voltage relay coils. 



In tracing through the electrical connections of a diagram, it 
always simplifies the process if the initial starting point is taken as 
the positive ( + ) side of a source of electrical energy, such as a 
generator, a storage battery or a trolley wire (if any power is 
received from an outside source). 
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Figs. SI to 34 show a method of following through the main 
power circuits of Fig. 30. Fig. 31 shows the first step in the applica¬ 
tion of propulsion power. As the train accelerates, it is desirable to 
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Fig. 32. Tracing Through Main Circuits 


shunt the traction motor fields* to increase the speed, in which case 
the circuit reads as shown by Fig. 32. 

Fig. 33 traces the excitation circuits of the main generator, as 
shown by Fig. 30. One other function is shown in Fig. 30—that of 
starting the Diesel engine by using the main generator as a motor. 
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the circuits being shown by Fig. 34. In this case, the exciter 
differential field has no effect, since the exciter circuits are not func¬ 
tioning. The starting field acts in the same way as the field of a 
series traction motor and causes the generator to rotate and thereby 
Spin the engine for starting purposes. 
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Fig. 33. Tracing Through Exciter Circuits 

Note: When engine idles, “GF” switch is open. When engine develops propulsion 
power, GF switch closes and short circuits resistor 107 , 


The control circuits are somewhat more difficult to follow 
through because there are so many more of them. The prime pur¬ 
pose of control circuits, of course, is merely to cause the contactors 
in the main power circuits, Fig. 30, to close or open at the proper 
time, to move the reverser to the position which gives the desired 
direction of train movement, to control the engine speed, and to 
insure that the circuits cannot be improperly set up. Referring 
to the control circuit schematic. Fig. 35, the first step is to 
identify each piece of apparatus shown and to determine how 
it functions. 
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Fig. 34. Tracing Through Starting Circuits 



Fig. 35. Control Schematic Diagrams 
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awar/o/^s- ctosi sw/rc//£s//o 

CLOSE COAtr/tOl PUSHBUTTON 
CLOSE EUEL PUMP PUSHBUTTON 
MOVE CONTmueRPEVEPSCOPUMTO'imBlOm 
MOVE CONTPOLLEB THROTTLE DRUM TO “Off" 
PRESS EN6/NE START/N6 BUTTON 

CtRCU/TS~ 

BATTERY-f 

I 

ZWircH/fO 
ei^/R£ 

COHDU/TS HE £ 


CONTROL PUSHBUTTON 

I 

B fUNRE 

CONDUTT £ 

1--1 

CONDU/TSJdO fUELPUMP 
I PUSHBUTTON 

REVERSE DRUM | 

I 0 W/RE 
^W{RE \ 

I CONDUnSEEH 
THROTTLE DRUM j 

I PUEL PUMP 

6 W/RE MOTOR 


CONOU/TS D.J.E 


Fig. 36. Tracing Through Starting Control 

Thus: 

A . Cylindrical drums carrying contact plates. Turning the 

drums moves the contact plates under tlie control fingers to 
make electrical contact. 

EO . ‘‘Engine Only” position of the reverse drum. 

Shaded areas ... The contact plates of the drums. 

Heavy 

Black lines.Conduit carrying many wires. 

G2 OUT.Interlock—makes circuit when G2 contactor (see Fig. 30) 

is open (out). 

EF OUT.Interlock. 

FOR (REV) . .. Interlocks making circuit when the reverser is in the forward 
(or reverse) positions. 


•Control operations of Figs. 37 and 38 obtain power from here. (See Fig. 36.) 


eNC/Af£ START 
PUSHBUTTO/i 

/O y 'fR£ 

CONOU/TS ££J 

£F //^r£RlOC/< 

// 

CfS 02 CO/LS 


A/W^R£ 
SWITCH //O 

BATTFRY-F 
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110 . 

Ill . 

FSl, FS2, FS3.. 


Coils THl, 
TH2, TH3 


Gl, G2, EF, ^ 
PI, P2, 

GF, Ml, M2, . 

M3, M4, M5, 

M6 

FP . 

FOR REV Coils 


Knife switches for isolating the battery. 

Knife switches for cutting out traction motors (prevent them 
from operating). 

Contacts made by relays. FSl closes at 600 volts across the 
generator, FS2 at 625 volts, and FS3 at 650 volts. 

The three coils moving the throttle operator. Various com¬ 
binations give different lengths of throttle operator move¬ 
ment. 


Operating coils of their respective contactors (See Fig. 30). 


Fuel pump motor. 

Coils to move the reverser to its corresponding position. 


comrms- smrcnis //o uoseo 

CONr/iOL PUSHaUTTON CLOS£P 
FO£L PUMP PVSHBUrrON CLOSBD 
COA/rPOU£R P£V£RS£ ORUM/N APY POSiTfON 
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C£OS£ £XC/r£R £/£LP PUSHBUTTON 


C/PCO/TS- £/6UR£ 36 TO B-Y IA//R£ 
3-TiN/RE 


PU£L PUMP 
PUSHBUTTON 

I— 

£XaT£R ft£LP 
PUSHBUTTON 

I 

X IN/R£ 


CONPU/T$£RH 

EPCO/L 


NWfRe 


SIN/TtHHO 


BATTPRY^ 


BATTPRYP 


8 VY/R£ 

puMPmroR 


Fig. 37. Tracing Through Idling Circuits 
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Note that the ENG ST (Engine Starting) push button has a 
spring under it to return it to the open position when the pressure 
is released. In upper right-hand comer of diagram. Fig. 35, is a 


COMD/T/OUS- SAME AS FO/i FI&. 37 EXCEPT CONTROUEP REVERSE DRUM 

//V ‘eorward“or ’reverse" fvs/r/ON and throttie drum 
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I 
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Fig. 38. Tracing Through Power-On Circuits 

table which shows which devices are operated for each condition 
of operation. 

Fig. 36 follows the engine starting procedure through. Fig. 37 
outlines the circuits for normal idle position. Throttle drum posi¬ 
tions No. 1 to No. 7 are all the same except that different coils of 
the throttle operator are energized to give the progressive advance- 
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merit of the engine throttle (setting of the engine governor). The 
circuits for each position of the controller throttle drum are shown 
by Fig. 38. 

When the voltage of the main generator reaches 600 volts, the 
FSl relay closes (Fig. 30 shows three coils connected to be ener¬ 
gized by the voltage of the main generator) and establishes a circuit 
from the FR wire (Fig. 35) to 23 wire, thereby energizing coils Ml 
and M2. Likewise, FS2 relay and FS3 relay bring in additional 
traction motor field shunting switches, M3, M4, M5, and M6 in two 
progressive steps as the generator voltage rises. 

Figs. 30 to 38 illustrate the method of tracing out the circuits 
for the purpose of determining which of the relays, coils, and ap¬ 
paratus are energized or operated under the different control con¬ 
ditions. It is always necessary to consult the main circuit schematic 
diagram (such as Fig. 30) in following through the control circuit 
schematic (such as Fig. 35) in order to see what happens to the 
power delivery each time the coil of a switch is energized or a relay 
is operated. 

There are, of course, many types of diagrams. This discussion 
has covered one of the simplest systems of electrical control in use 
for the larger sizes of switching locomotives. The fundamental idea, 
however, is the same for all diagrams, and with the exercise of 
patience, any circuit may be understood by knowing the symbols 
used and also the purpose and functioning of each piece of 
apparatus. 
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SYMBOLS 

To permit of ready interpretation of diagrams as used with 
Diesel Electric motive power, drawings of the diagram symbols 
commonly used are included here. There are, from time to time, 
slight deviations from these, but familiarity with the normal usage 
will clarify practically any diagram. 
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SLNOIE POLE WiTHFUSE 

DOUBLE 

DOUBLE POLEREYOR 

TRANSFER OR 

POLE 

OR CONBIREDSW. A COWUT 

POLE 

FOUR POINT 

THREE WAY 

e 

m 


(8) 

(2) 


AA/SC£LLAN£OUS 

SIAHTCHES 




HAND OPERATED 

SRSrCONTROL ORCANOPY 

CIRCUIT BREAKER 

SIN WITH DR withoutB imOBT, 

Ri 




MfSCELLANEOUS SWiTCHBS 



sjtar confroiswA s,p or, controlsw. 
w/TH POSE I wtTHoyr fvse 


POSH Bi/rrON SmCHiSX DCS/GHAT/OMOFS/DESB ENOS OrCARSdWaX mmWNO O/ACMm 


EM6ERB 

SEGMENT 



iN CENTRAL, WtR/NG D/AORAM WUL SNOW NO / END OE CAR OR 
lOCOMOr/EE AT THE UET HAND SIDE OE THE DtAERAM. DEVElOPNiNT 
OEDRL/M CONTROUERS WUL USUAUV S£ SHOWN ON L EFT NANO 
SLOE OF O/ACRAM AND AN OUTHNE ON THE RLCHTHANO SLOE, 


OHUM CONTROLLERS 


S/NCLE E/NGER - 
E/NCER MMHLTLPLE- 
E/NOERON SEGMCRT - 

E/NCERW/TH -' 

LNOiVtOUAL DlOWOUr 


S—RDNN/NG PO/NTS 
/ ^-4 - RESLSrORPOINTS 


SECAfENT 



/NOfCATES POS/T/ONDE E9NGCR 
ON SEGMENT WHEN ON NOTCH, 
L/NE CONNECTED AT CORNEROF 
SEGMENT/NDfCATESSESNHNTS 
ARE ELECTR/CAILYCONNECTED, 
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(DRUM n^RfJ 
AU/N 

A/0.i.our i Naz.our 


P//UAA COA/TROLLER 


f 2 t 2 



fSeCMfNT exr£ND/NG 

AROURO DRUM 
BROKEN, 


.NOTE A > UNE CORNECTEO 
AT CORNER OF SCGMENrS 
/ND/CA/ES SEOMFNTS ARE 
ELCCTRiCALL Y CORRECrCO. 
ALL OTHER FULL L/A/ES ARE 
CARLES (ORNCCr/NO TO F/HO/RS 

NOTE B^tR/RES & CONNECr- 
LONS BETWEEN SEGMENT 
MUST BE SHOWN SO THAT 
ONE WUL NOT BE TAKEN FOR 
THE OTHER. 




REVERSERS 


II ‘ 




1} 


MALN O/AORAM 


SEE NOTE*/< UNDER 
ORi/Af CONTROLLER 

note:' nql end to be 

SHOWN /N FORWARD 
RDS/T/ON. NO.REND 
WHEN SHOWN TO BE 
IN OFF P05/T/ON, 


n 


HhWHI— 


note: relation be tween 

FiELD AND ARMATURE LEADS 
AS SHOWN ON SCHEMATIC 
SHAL L CORRESPOND TO THA T 
SHOWN ON THE MAIN diagram, 
WH/CN SHOULD BE FOR 
FORWARD MOFEMENT 
OF I/EHICLE. 


SCHEMATIC DIAGRAM 


TRAIN UNE OR COUPLER' ~s6CKET~(RE 


SOCKET/S SHOWN LOOKm AT CONTACTS (ROM THE FRONT Of • 

THE SOCKET. SyMBOE /$ TNOtCATTVE. LOCAT/ON OF SLOTSTN * 
FRAAAE NOS. l^POS/T/ON OF STUD CONFORN! TO ACTUAL COUPl/NO^ 

4 


COUPLERS OR RECEPTACLES / 


-0 


SINGLE POINT 


SOCREF WHEN USED FOP \'£Te 
^ BATTERY CHARGING RIORT fifOTE 
HAND TERMINALS IS (HB 
2 POINT TEPT TS&J WHEN IDON- 
IN6 AT CONTACT STUDS. 


“0“ 


CENTER STUD IS I'J \ 
OUTSIDE STUD IS (tj \ 


FRA/N UNE RECFPFACLE 


FRA/N LTNE OR COUPLER PLUG(JUTY!PER) 


(GIBBS TYPE) 

- ♦ 

POLARirr EAC/HG PCCFPIACU 


__ PLUG IS SHOWN LOOKING 

train LINE 1 ^^^ AFFHECONIAC/S FROM 

remaining WIRES CON the FRONT OF PLUG 

NEC! rCENHNAlS 1101,2101, ETCyC^^y | 


J RELAT/UEST/EpF/mS 


knuckle JOINT 


OR 

CLASP CONNECTOR 


yvxPPf^ coNNEcrioiX terminal 


POWER CONTROL 


IWTR/TVG 


+ + 


-k 


TURNS At RIGHTANUt^ 


iA/fR/ATC 


EACH LEAD TO 

BE NUMBERED M | 

I j j M i- 

rAtt/ f: no r • .. 


multiple conductor 

CABLE. 


LEAD CROSS ING 
krCONHCCriOH. 


CABLE OR CONOUtT : toOSE CABLE EITHER 

note:- curfe indicates DiREcrioN'Z^Ff9.£F. LSf 

OF WIRE IN CABLE. WHEN DIRECTION IS UNKNOWN OR 
INDEFINITE, WLRE RUNS STRAIGHT INTO CABLE 


MULT!PLE CONDUCTORCABl£ 


LOOSE CABLES 
EITHER TAPED OR IN CONDUIT. 
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WO(M 0 \ WtR/mSYMBOiS^ /miCAr/A/ 6 CABLeSfZfSON WfRt/^ 6 P/AORAMS 


0 W/mS(/BL£rr£RAS 0 0 £OffCOBr£OL £/rH£ff6IN6Um/trs Off rffA/Af LiNES. j 
@mrffs(/s ifrrfffs AS @ ^fO£A(/MfARYa£C(//rss(/cffAsif6ffmc,coMm550ffjrc 
@A4oroff c/Rcu/r bus une. 

L @ fOR W/RO RA/L SHOE. 

@ fv/rn SUB i£rr£Rs @ @ eor rROLter i £aos 
@\H/ rH SUB urrfRs @ @ eor motor leads. 

@W/rH SUB lETTERS @ @ TOR 6US BA RS. 

(^RESfSTOR lAHTH SUB LErr£RS@ @ErC. 

(^CABIE OR COHHECTfONSHOiHNBUrHOTTURH/SHEO AS PART Of EQUtPMlNT 
mR/PiC SYMBOLS /OEA/f/fY/A/O OEY/CESO/V CAR lAHR/NC DIAGRAMS 


RRiRR,RR/= RTS/S TOR CONTACTORS 
S = S£R/£S CONTACTORS 

PARALLEL CONTACTORS 
ETOR.^fORRARD POSfT/ONOFREVERSER 
RRfy*REVERSE POS/HON Of REVERSER 
N= COAAMON RETURN 
M= f/£LD CONTACTORS 
6‘ MA/N generator 
AO^ AUX/LtARy GENERATOR 
CG^ CONTROL GENERATOR 


C - COMPRES S OR B 

VU^ RAO/A TOR TA N MO TOR f 

Bf* TPACTTO/V MOTOR BLOWER MOTOR 


- OVERVOLTAGE RELAY 
= VOLTAGE REGULATOR 
GROUND. ALSO START/R6 CONTACTORS 
: parallel r/E CONTACTOR 
• REVERSE CURRENT 
AUX/L/ARy T/ELD CONTACTOR 
GENERATOR f/ELO CONTACTOR 
TRANS/nON RE I Ay 
THROTTLE PEV/CE CO/L 
A UX/L/ARY C/RCU/T CONTACTOR 
COAD ammeter 
^ BATTERY A/VtMETER 
■ f/ELD SHUNT RELAy 
































92 


DIESEL LOCOMOTIVES-ELECTRICAL EQUIPMENT 


MtTBfiS 


© vocrM£r£R 

(2) AMMCTfK 

H WATrMETiP 


1 HI LOW ATT HOUR METER 
SP££D METER R PM 
SPEED METER M PH ^ ‘ 


AMPERE HOUR METER 5EEED METER HM PH 


SATTERK AMMETER 
LOAD AMMETER 


BATTERY 


H'l'N'I'h 


MAIN RESISTORS 


^ TOR GENERAL USE 

U U tor spec/al cases or 

-CO-CI LOCOMOT/UES 

Un[j- RES LEAD, EACH LOOP 

REPRESENTS FRAME Of CRiOS 


CONTROL RfS/STOR 


“TTH— 5/N6LE LOOPMAr 
BE USED TO 

—-1 p- REPRESENT EACH 
U RESISTOR TUBE 


NO / ma 


RHEOSTATS 


CARBON PH e 

TyPE 


INTERLOCKS 


SHOWS TWO 




DISC THPE 
MAIN DIAGRAM 


ARROW INDICATES 
CROSS HEAD LOCATION 


SLN/TCH CLOSES. 


INTERLOCKS 


E/NOER ^ SEGMENT THPE 

1 I ■ /NANO OUT REEER 

TO POSITION OESW 
» ' CLOSED OR OPEN 
MAIN DIAGRAM 


„ ttN 

SCHEMATIC DIAGRAM 
/NTCRLOCKCLOSED SW CLOSED (iN) 
INTERLOCK CLOSED SW. OPEN (OUT) 


SW/TCH NUMBERS. 

LN TER LOCK CLOSED SIN OPEN 
INTERLOCK OPEN SlN. OPEN 

PNEUMATiC OR MACNEr/C CONTACTORS \ 

A 

S SCHEMATLC DLAGRAM 

-HI— 

y^o^^»X:C^TRAME S/DE Of CONTACTOR 


^ BLOWOUT SLDE Of CONTACTOR 


/NTEBLOCK SAME AS 

MAGNETIC 

\ /NTERLCKK 

^ ® ® 

1 ^ 1 . kfn 


CONTACTORS 


CONTACTOR 
HNTHOUT 
BLOWOUT COIL 



PNEUMAT/C 

k 


PARTICULAR SYMBOL 

TT 

1 

USED DEPENDS UPON 



PAST PRACTLCE WITH 

our^BMk 

_ CONTACTORS 

w 

mm-- 

iN-mm- 



CALY! OPERATED CONTACTORS 


SCHEMAT/C DIAGRAMS 

A B 


MAIN DIAOPPM 

[fti] nn 

CAMS MAy BE ONHTTEP 


PNEUMATIC RELAY 
OR Am 

COMPRESSOR GOY 
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L£AD MAfiK//^Q 

ARMATU/^£ {COA/N£CT£D TO BRUSH holder) A 

ARMAWR£ (COmeCTfD TO BRUSH HOLDER OR TO (OMMUTAT/NC fL£LO) AA 
MA/N£/ELO F AND FF 

F/RSr F/ELD CONTROL LEAD M 

SECOND F/EID CONTROL LEAD MM 

IVHfNTHE COMMUTAT/NQ F/ELO INLND/N6^ ARE NOT PERMANENTtr 
CONNECTED TO THE ARMATURE, THE EXTERNAL LEADS 
IN/ll BE MARRED.- COMMUTAT/NG FiELD C AND CC 


iN/TH CURRENT PASS/N6 THROUGH THE MOTORS AS /NDLCArEDBY 
ARROiNS THE ARMATURE ROTA HON tN/LL BE 

Ft CLOCRN/SE iN/TH MARH/NG 

COUNTER - CLOCHIN/SE iV/TH MAR/f/N 6 
F/ELD CONTROL MOTOR ARMATURE t4//LL ROTATE 

M 

■H CLOCK\A/tS£ JN/TH MARK/NG 

COUNTER CLOCKIN/SE IN/TH MARK/N& 

NOTE*/ D/RECT/ON OFROTAT/ON /S SHOWN SC ARROW. /\AOrOR LS 
F/EWED FROM! COMMUTATOR END. 


THE SECr/ON OF F/ELD W/ND/NG fN C/RCU/T TO GIVE VARIOUS 
F/ELD STRENGTHS ARE 

USUAL F/ELD CONTROL MOTORS WHERE MORE THAN TWO HELD STRENGTH 


.fl-QV-x 




MAiN WJR/NO DfAGRAM WILL SHOtV/^ARX/NOS AS FOLLOWS!- 
FOR NON F/ELD CONTROL MOTORS. FOR FIELD CONTROL MOTORS 






WHERE SEPARATE COMMUTATING F/ELO WINDINGS ARE USED 


_d-o^ 


A _ F^\AA _^aaa^ 
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Fig. 41. 6-Axle Passenger Car Resistance 



GRADE RESISTANCE* The per cent grade is the number of 
feet rise per 100 feet length of track. Use 20 pounds resistance per 
ton of train weight for each per cent of grade. Thus: 
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Per Cent 

Resistance 

Per Cent 

Resistance 

Per Cent 

Resistance 

Grade 

Per Ton 

Grade 

Per Ton 

Grade 

Per Ton 

0.25. ... 

5 lbs. 

1.25.... 

. .. 25 lbs. 

2.25.... 

,. 45 lbs. 

0.50. .. . 

.. 10 lbs. 

1.50... 

... 30 lbs. 

2.50.... 

.. 50 lbs. 

e.75... . 

,. . 15 lbs. 

1.75.... 

... 35 lbs. 

2.75. .. . 

. . 55 lbs. 

1.00. .. . 

. . 20 lbs. 

2.00. .. . 

... 40 lbs. 

3.00. ... 

.. 60 lbs. 


This results from the fact that on a 1 per cent grade a ton 
(2,000 lbs.) must be raised one foot for each hundred feet that 


the train advances: 


2,000 lbs. X 1ft. 

Too ft. 


: 20 Dounds 


CURVE RESISTANCE. A one degree curve is one in which a 
hundred feet of track is %6o of ^ complete circle. Curve resistance 
is estimated by various engineers from .4 to .8 pound per ton of 
train weight for each degree of curvature. In determining such 
resistance for performance calculations, however, it is safer to use .8 
pound to 1 pound per ton of weight of that portion of the train 
which is in the curve. 


ACCELERATION. The force required to accelerate a ton of 
train weight at a rate of one mile per hour each second, or 1.466 
feet per second per second (fpsps), is (for acceleration in a straight 
line): Force = 91.1 pounds 

There is another element which enters into this, however. This 
is the rotational acceleration of wheels, axles, motors, gears, etc., 
variously estimated to require 5 to 12 per cent more accelerating 
force. It has been found convenient to estimate that this requires 
9.8 per cent greater force than for straight horizontal train accelera¬ 
tion, so that: 

One mile per hour per second acceleration requires a net force 
of 100 pounds per ton of train weight. 

Thus, if the net tractive force available for accelerating a 1,000- 
ton train were 25,000 pounds (after accounting for all resistances ), 

1 . 25,000 lbs. 

the acceleration would be - = 25 pounds per ton or an 

1,000 tons ^ ^ 

acceleration of .25 miles per hour per second. 

BALANCING SPEED. The train speed at which all of the 

available tractive force is used to overcome the various resistances 

to train movement (leaving no net tractive force for acceleration) is 

called the halancing or free-running speed. 
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1 m.p.h. 
10 m.p.h. 
20 m.p.h. 
30 m.p.h. 
40 m.p.h. 
50 m.p.h. 
60 m.p.h. 
70 m.p.h. 
80 m.p.h. 
90 m.p.h. 
100 m.p.h. 


SPEED 

1.466 ft. 

14.66 ft. 

29.33 ft. 
44.00 ft. 

58.66 ft. 

73.33 ft. 
88.00 ft. 

102.66 ft. 

117.33 ft. 
132.00 ft. 

146.66 ft. 


per second 
per second 
per second 
per second 
per second 
per second 
per second 
per second 
per second 


TO DETERMINE TRAIN SPEED. Modem heavy rails are 
39 feet long. The number of rail joints over which the train passes 
in 26.6 seconds is the same as the train speed. For the lighter 33 
foot rails, count the joints for 22.5 seconds. Use proportional time 
for other rail lengths. 

The speed of a steam locomotive hauled train may be easily 
determined if the wheel diameter is known. This is from the num¬ 
ber of exhausts per minute. Since there is usually one accentuated 
exhaust out of four, counting the number of these gives the number 
of wheel revolutions in a given time, from which speed may be cal¬ 
culated. Two tables give assisting data: 


Wheel r.p.m. 

Corresponding 

If the Wheel 

M.p.h. is same as 

in 15 Seconds 

m.p.h. • 

Diameter 

Wheel r.p.m. in 

with lOO-inch wheels 

in Inches is 

25 

29.75 



30 

35.70 

30 

5.37 seconds 

35 

41.65 

35 

6.26 seconds 

40 

47.60 

40 

7.16 seconds 

45 

53.55 

45 

8.05 seconds 

50 

59.50 

50 

8.95 seconds 

55 

65.45 

55 

9.84 seconds 

60 

71.40 

60 

10.74 seconds 

65 

77.35 

65 

11.63 seconds 

70 

83.30 

70 

12.53 seconds 

75 

89.25 

75 

13.42 seconds 

80 

95.20 * 

80 

14.32 seconds 

85 

101.15 

85 

15.21 seconds 

90 

107.10 

90 

16.11 seconds 

95 

113.05 

95 

17.00 seconds 

100 

119.00 

100 

17.90 seconds 


•For other wheel diameters multiply these m.p.h. figures by: 


other diam. 

Too 
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TIMING A MEASURED MILE 



1 Mile in 

Equals 

1 Mile in 

Equals 

30 

seconds. .. 

.. 120.0 

m.p.h. 

95 seconds.... 

. . 38.0 

m.p.h 

35 

seconds... 

.. 101.3 

m.p.h. 

100 seconds.... 

.. 36.0 

m.p.h 

40 

seconds... 

.. 90.0 

m.p.h. 

105 seconds. .. . 

. . 34.2 

m.p.h 

45 

seconds... 

.. 80.0 

m.p.h. 

110 seconds. .. . 

. . 32.7 

m.p.h 

50 

seconds... 

.. 72.0 

m.p.h. 

115 seconds. . . . 

. . 31.2 

m.p.h 

55 

seconds... 

.. 65.4 

m.p.h. 

120 seconds. . . . 

. . 30.0 

m.p.h 

60 

seconds.., 

. . 60.0 

m.p.h. 

125 seconds. .. . 

. . 28.8 

m.p.h 

65 

seconds... 

. . 55.3 

m.p.h. 

130 seconds. .. . 

. . 27.6 

m.p.h 

70 

seconds... 

. . 51.4 

m.p.h. 

135 seconds.... 

. . 26.6 

m.p.h 

75 

seconds... 

. . 48.0 

m.p.h. 

140 sec'onds. . . . 

. . 25.7 

m.p.h 

80 

seconds. .. 

. . 45.0 

m.p.h. 

145 seconds. .. . 

. . 24.9 

m.p.h 

85 

seconds... 

. . 42.4 

m.p.h. 

150 seconds. . . . 

. . 24.0 

m.p.h 

90 

seconds,.. 

. . 40.0 

m.p.h. 

155 seconds. .. . 

.. 23.2 

m.p.h 


MOTIVE POWER 

TRACTIVE FORCE. The tractive force of a Diesel motive 
power unit is the combined forces acting at the rims of all drivers 
tending to propel the motive power unit and its train. 

DRAWBAR PULL. The drawbar pull of any motive power 
unit is the tractive force less all of the forces required to propel the 
motive power unit itself. Because resistance values are different for 
each condition of grade and curve, drawbar pull may be an ex¬ 
ceedingly variable figure for any speed and is, therefore, much less 
useful than tractive force data. 


VALUES OF ADHESION. If two surfaces are pressed to¬ 
gether, it requires force to slide one along the other. It has been 
found that there is usually a very definite relation between the 
force required to slide and the force between them. This ratio. 


sliding force 
pressing force 


is called the coeflScient of friction (or adhesion) of 


the two. 


Various tests have been made to determine the coeflBcient of 


friction (adhesion) between train wheels and steel rails, the force 
pressing the two together being the weight on the points of con¬ 
tact. The results have been so varied that most engineers hesitate 
to fix definite adhesive values. A consistent set of tests of a wide 


variety of electric locomotives over a long period of years show 
starting adhesive values varying from 48% downward. It has been 
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found, however, that on a clean, dry rail a factor of 35^ is usually 
obtainable at start and a factor of 25% is normal on a wet rail if sand 
is used. However, as the train speed rises the movement of trucks 
and cabs, low spots in the rails, and various other causes tend to 
reduce the weight on drivers momentarily and thereby allow driv¬ 
ing wheels to slip. The maximum useful adhesive values, then, must 
be reduced as the train speed rises. Fig. 43 shows reasonable ad¬ 
hesive values for dry rails and for wet rails using sand. 



Fig. 43. Adhesion Factor Curves 


MAXIMUM USEFUL HORSEPOWER FOR PROPULSION. 

Curves of adhesive values such as are shown by Fig. 43 automati¬ 
cally determine the maximum horsepower which may be expended 
at the driver rims for train propulsion. Since the adhesion is defined 
at a given speed, the horsepower is: 

Ho se owe _Weight (pounds) X adhesive factor X m.p.h. 

375 

W X A X m.p.h. 

For example, a pair of wheels loaded to 60,000 pounds on the rail, 
can utilize the following maximum horsepowers: 
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Maximum Horsepower Maximum Horsepower 


M.p,h. 

Dry Rail 

Wet Rail 

M.p.h. 

Diy Rail 

Wet Rail 

5. 

... 238 

157 

25. 

... 875 

608 

10. 

... 428 

304 

30. 

... 1000 

692 

15. 

... 588 

418 

35. 

... 1110 

760 

20. 

... 735 

520 

40. 

... 1210 

830 


For convenience, maximum horsepower curves for a locomotive 
having 100 tons weight on drivers are included in Fig. 43. 

MAXIMUM TRACTIVE FORCE. The maximum tractive 
force which may be developed by any Diesel electric motive power 
unit (assuming that the electrical drive equipment design is suit¬ 
ably arranged) is determined by the weight on driving wheels and 
the coefficient of adhesion between the wheels and the rail. Steam 
motive power is usually designed to utilize less than 25 per cent 
adhesion (ti-active force is less than 25 per cent of weight on 
drivers), whereas the electric motor drive with its smooth con¬ 
tinuous torque permits (on the same basis) adhesive values of 30 
per cent or better. Thus, with 100 tons weight on drivers (200,000 
lbs.), a steam locomotive is normally designed for less than 50,000 
pounds maximum tractive force, while a Diesel unit may develop 
over 60,000 pounds. 

WEIGHT TRANSFER. In starting a train, the pull at the draw¬ 
bar, or the acceleration of the body of a locomotive or railcar, or 
both, creates a "couple” or a turning force. For instance, assume 
a 2-axle locomotive with an 8 foot wheel base, both axles driven. 
If the center of the drawbar is 34/2 inches above the rail and the 
tractive force and drawbar pull at start are each 10,000 pounds 
(neglecting locomotive resistance), the "couple” is 34/2 inches x 
10,000 pounds or 345,000 inch pounds. Since this must be balanced 
by a "couple” of equal value in the opposite direction, the tendency 
of the pull at the drawbar is to tip the locomotive over backward 
which acts to lift weight from the forward axle and transfer it to the 
rear axle, thereby creating the stabilizing "couple.” The weight 
lifted from one and transferred to the other, then is: 

345,000 in. lbs. _ 345,000 in. lbs. 
the wheel base “ 96 inches ^ 

Similar weight transfer also occurs in swivel trucks with driving 
axles. The forward pair of wheels is relieved of weight and the rear 
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pair gains weight. While the ultimate distribution of weight on the 
various axles of a locomotive depends to some extent upon the 
height of truck centerpins, the size of centerplates, the method of 
driving the axles, etc., the weight transfer couples must still balance 
the drawbar-tractive force couples. A table showing maximum effect 
which may be expected is shown below: 

100-TON 4-AXLE SWIVEL TRUCK LOCOMOTIVE—ALL AXLES DRIVEN. 
CENTER-PINS ASSUMED AT DRAWBAR HEIGHT 
Worst Weight Conditions—Forward and Rear Axles of Each Truck 


Locomotive 8'0" Wheel Base 7'0" Wheel Base 

T.F. Forward Bear Forward Rear 

60000 . 39200 60800 37700 62300 

55000. 40100 59900 38725 61275 

50000. 41000 59000 39750 60250 

45000. 41900 58100 40775 59225 

40000. 42800 57200 41800 58200 

35000. 43700 56300 42825 57175 

30000. 44600 55400 43850 56150 

25000. 45500 54500 44875 55125 

20000. 46400 53600 45900 54100 

15000. 47300 52700 46925 53075 

10000. 48200 51800 47950 52050 

0. 50000 50000 50000 50000 


From the table for the 8'0" wheel base it may appear that if 
equal tractive force is applied to each axle of a 4-axle, 100-ton, 
swivel truck locomotive, a nominal 30 per cent adhesive factor for 
the locomotive (60,000 lbs. or 15,000 lbs. per axle) really may mean 
a 38.2 per cent adhesion on the leading axle of each truck: 

15,000 lbs. T.F. . 

3^200 IbsTWtT = P®’’ 

Actually, however, when electric motors drive the axles, the motor 
weight is redistributed in the truck when the motors exert tractive 
force, so that the forward axle carries more of the motor weight. 
Therefore, the actual maximum adhesive factor is normally less than 
35 per cent. 

WEIGHT TRANSFER COMPENSATION. Recognizing that 
the transfer of weight from one axle to another of rail motive power 
is unavoidable, engineers have compensated for this on some cars 
and locomotives by an adjustment of the tractive force of individual 
motors during the early stages of acceleration. This is relatively 
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easy where two motors are connected in series for the start, since 
the shunting of one motor field will reduce its tractive force rela¬ 
tive to that of the other motor. If, then, the two motors of one 
swivel truck or of a 2-motor locomotive are connected in series and 
the field of the leading motor is shunted, the tractive forces may 
be made approximately proportional to the weights on drivers. 
The position of the reverser automatically indicates which is the 
leading motor. The objections to this weight transfer compensation 
are that the motors are worked harder (operated at higher tempera¬ 
ture), the equipment purchase price is increased, and additional 
control complication results. 

HORSEPOWER DEVELOPED AT THE WHEELS. 

Actual hp. required for propulsion hp. at wheels =: 
m.p.h. X T.F. 

375 

Actual hp. developed by each traction motor 
m.p.h. X T.F. 

375 X No. of Motors 

Engine hp. required for propulsion — 

Actual hp. (total) at wheels 
Transmission EflSciency 

Total engine hp. required — hp. for propulsion + hp. for aux¬ 
iliaries. 

Fig. 44 shows the range of Diesel engine horsepowers which 
are normally applied to industrial and railroad switching loco¬ 
motives. These represent the actual horsepowers which may be 
developed, not the nominal ratings sometimes applied by builders 
of the smaller sizes of Diesel engines. 

CHARACTERISTIC CURVES OF DIESEL MOTIVE POWER. 


The formula hp. 


m.p.h. X T.F. 
375 


represents a hyperbolic 


curve. 


Assuming no transmission losses, then, the maximum performance 
characteristic curve of Diesel motive power (using full available 
engine power at all times) is hyperbolic in shape. Because of un¬ 
avoidable transmission losses, the actual performance curve is a 
hyperbola modified by the transmission efficiency, which varies 
slightly at different speeds and tractive forces. 
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The characteristic curve of Diesel electric motive power cannot 
be changed by changes in the type of motor, in gear ratio, or of 
v^heel diameter, except as this may affect the efficiency of the drive. 
However, such a change in equipment, while not affecting the shape, 
may alter the unloading point up or down along the curve. 

TRACTION MOTOR REVOLUTIONS PER MINUTE. For a 


traction motor geared to an axle: 

336 X m.p.h. 

otor r.p.m. Diam. (inches) 


X Gear Ratio 


(Gear) 

(Pinion) 



Fig. 44. Diesel Switcher Horsepower Ranges 


COMPARISON OF TRACTION MOTORS. Since there is no 
fixed voltage for electric traction motors for Diesel motive power, 
motors may not be compared on an ampere or voltage basis. The 
following method is recommended: 

(1) Select a gear ratio and wheel diameter for each so that 
they will have the same maximum safe m.p.h. and each will meet 
the standard gear clearance to the rail. 

(2) Compare the continuous tractive forces (not amperes or 
voltage) with comparable gear ratio and wheel diameter. 

To determine locomotive weight—find weight necessary to move 
one car up a given grade and multiply by number of cars. 
Assumptions: 

Car weight (tons). 25 45 60 75 

Pounds resistance per ton. 7 5 4 4 

Locomotive adhesion. 20% 20% 20% 20% 
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Example. To haul ten 60-ton cars up a 2% grade at 6 m.pJi. requires 
7.5 X 10 = 75 tons on drivers (Fig. 45) and 80 X 10 = 800 Diesel engine hp. 
(Fig. 46). 



Fig. 45. Locomotive Selection Chart 


DIESEL MOTIVE POWER APPLICATION 
TO DETERMINE LOCOMOTIVE WEIGHT AND POWER. 

The weight of a Diesel locomotive is normally determined by the 
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worst pull which must be made at any time. The horsepower of the 
Diesel engine or engines is fixed by that combination of tractive 
force and necessary speed which results in the greatest power. In 



Fig. 46. Locomotive Selection Chart 


determining these, operators often overestimate speed. Estimating 
4 m.p.h. instead of 3 m.p.h. necessitates a 33 per cent increase in 
engine size, which may be very expensive. 

Figs. 45 and 46 form an approximate guide for the selection of 
a Diesel locomotive. This is at 20 per cent adhesion, which results 
in heavier locomotives than some manufacturers like to apply. If 
higher adhesive values are deemed acceptable, find the weight and 
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power from the curve, then decrease the locomotive weight in pro¬ 
portion to the ratio of 20 per cent to the new adhesive value 
selected. If the service must be performed regardless of weather or 
rail conditions, it is preferable not to exceed the 20 per cent values 
chosen for the curves. 

COMPARISON OF STEAM AND DIESEL PERFORMANCE* 

Diesel locomotives out-perform steam in switching service because 
more power may be applied to the wheels in the initial stages of an 
acceleration. Fig. 47 shows this clearly. Since area on this curve 
represents distance, it may be seen that the Diesel is far ahead 32 
seconds after the start and from then on the steam locomotive must 
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Fig, 47 . Comparative Performance of 0-8-0 Steam and 1000 Hp. Diesel 
Switching Locomotives 


gain speed in order to catch up. On all mns up to 1,675 feet the 
Diesel is the faster. 

For long runs, the Diesel engine horsepower must more nearly 
approach the maximum steam horsepower or the steam unit has a 
definite advantage. 

FUEL CONSUMPTION. If the steam locomotive fuel for a 
given switching service is known, the corresponding Diesel fuel may 
be estimated: 

1 gal. Diesel fuel =140 pounds of coal—light switching 

1 gal. Diesel fuel = 120 pounds of coal—medium switching 

1 gal. Diesel fuel =110 pounds of coal—heavy switching 

1 gal. Diesel fuel =100 pounds of coal—transfer runs 

For estimating where no previous fuel consumptions are known, 
Diesel fuel oil consumption may be taken as: 
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Light switching .045 gal. per hour per ton on drivers 

Heavy switching .065 gal. per hour per ton on drivers 

Transfer runs .023 gal. per mile per ton on drivers 

ESTIMATING GRADES. Stand on the track and estimate a 

point up the grade on a level with the eyes. Step oflE the distance 
to the point selected or count the rails. This gives distance and rise 
from which the per cent grade may be calculated. A bottle partly 
filled with liquid and held horizontally gives a water line which may 
serve as a rough level to estimate a point on the grade which is on 
a level with the eyes. 

ESTIMATING DEGREE OR RADIUS OF TRACK CURVA¬ 
TURE. Draw a string from the outside rail across the curve to form 
a chord just tangent to the inside rail. Measure the gauge in feet 
and the length of the chord in feet. The radius of curve is then (all 
dimensions in feet): 

Chord" _ C" 

^““ 8><Ga^[^ “ 8“G 

The radius of a 1-degree curve is 5730 feet. The radius of a 
2-degree curve is half that of a 1-degree curve, while a 3-degree 
curve is one-third of 5730 feet, etc. 

Therefore: 

5730 


Radius of Curvature in feet — 


Degree of Curve 


Degree of Curve 
5730 


Radius in feet 

SWIVEL TRUCK OPERATION AROUND CURVES. Without 
widening of gauge, the sharpest curve which a truck with two axles 
can negotiate is: 

Wheel base in feet W 
K 


Radius in feet is =: 


K = .234 for 20 to 24 inch wheels 
=: .214 for 25 to 30 inch wheels 
=: .180 for 31 to 40 inch wheels 
= .160 for 41 to 50 inch wheels 
= .150 for 51 to 60 inch wheels 

These figures are based on M.C.B. standards for flanges and 
rails. Normally the overhang of the locomotive, the swing of the 
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coupler, and other considerations may determine the minimum 
radius of curvature which a locomotive may negotiate with a train. 

ESTIMATING THE EQUIVALENT GRADE OF A RAIL¬ 
ROAD. For ease in calculating the performance of Diesel motive 
power operating a train over a given profile, it is usually convenient 
to establish a figure for the average grade of the road which will 
permit calculations of averages rather than requiring a detailed 
calculation of each individual grade section. This average grade is 
normally known as the equivalent grade. In rolling country where 
there is no definite grade trend, the kinetic energy stored in a train 
when descending a grade is used to assist the Diesel motive power 
in carrying the train up the next grade. For this type of profile 
the equivalent grade may be estimated: 

(sum of rises minus /2 sum of falls) 
Length of line 

All figures being in feet. 

For other types of profile, it may be necessary to break the run 
into sections, for each of which a definite grade trend and average 
grade figure may be established. 

SAFE WHEEL LOAD ON TRACK. The approximate axle 
loadings permissible for different weights of rails are: 

0 to 60 pound rail—500 pounds axle load per lb. of rail wt. 

61 to 90 pound rail—600 pounds axle load per lb. of rail wt. 

91 upward pound rail—700 pounds axle load per lb. of rail wt. 

This assumes proper cross tie and ballast support. 

CONVENIENT EQUIVALENTS 

1 Kilowatt ~ 1000 watts 

1 Kilowatt rr 1.34 hp. 

1 Kilowatt 44257 foot-pounds per minute 
1 Kilowatt = 56.87 B.t.u. per minute 
1 Horsepower — 746 watts 
1 Horsepower zr: 33000 foot-pounds per minute 
1 Horsepower “ 42.41 B.t.u. per minute 
1 B.t.u. z= 778 foot-pounds 

1 B.t.u. = 0.2930 watt-hours 


Equiv. grade = 100 X 







Chapter VI 

General Electric Light Weight Diesel 

Locomotive 


FINGER-TIP CONTROL Sitting up high, with an unob¬ 
structed view in both directions and with the controls grouped 
conveniently within arm s length, the engineer can spot cars quickly 


SWITCH PAN EL- 
CONTROL 
LIGHTS 
HEATER 


GAGE PANEL - 

LOAD METERS 
OIL PRESSURE 
TEMPERATURE 
BATTERY CHARGING 




air PRESSURE 

WINDOW WIPER- 

BELL RINGER - 



REVERSER- 



Fig. 1. Finger-Tip Control 


and accurately. (See Fig. 1.) Moreover, the locomotive is easy to 
operate~you simply open the throttle and it responds instantly and 
accelerates quickly and smoothly. Reversing is equally as simple- 
just throw the reversing lever, with the throttle in the idling position. 

HEAVY-DUTY GENERATOR. This modem traction genera¬ 
tor, Fig. 2, gives the 65-tonner its smooth-operating characteristics. 
The doubly excited split field gives a generator characteristic that 
‘follows closely the Diesel-engine output. Thus, throttle response is 
quick and locomotive acceleration is both smooth and snappy. 

Another important feature of this generator is its excellent 
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commutation. The commutator is carefully seasoned after assembly, 
and the brush rigging is of a special, simple design that gives the 
brushes unusual riding qualities. Exceptionally large inspection 
holes make the commutator and brush rigging readily accessible. 



Fig. 2. G-E Direct-Current Traction Generator 



Fig. 3. G-E Direct-Current Railway Motor, Type GE-733, 
Complete with Double-Reduction Gears and Gear Box. End View. 


The generator fan is mounted integrally with the flexible disk 
coupling and provides for multiple ventilation of the machine. One 
stream of air is drawn over the armature and between the field coils, 
and the other under the commutator and through the core. 
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MOTOR-GEAR UNIT. This powerful motor-gear unit, Fig. 3, 
is complete with double-reduction gears and gear box. The motor is 
insulated with Class B insulation. All gears are straddle-mounted 
and oil-lubricated. This sturdy, compact unit is built to withstand 
the hard usage and heavy loads encountered in railroad service, but 
limits maximum speed to 30 m.p.h. and slightly decreases the over¬ 
load capacity. 

SINGLE-REDUCTION DRIVE. This is the same type of 
single-reduction, box frame traction motor that is used so success- 


fisE' f 


Fig. 4. G-E Direct-Current Traction Motor, Type GHM-838-D1, Mounted on Axle 
with Bearing Cap Removed 

fully on big electric and Diesel-electric railroad locomotives. (See 
Fig. 4.) It has a high-torque characteristic and large thermal capac¬ 
ity to absorb the overloads encountered in industrial switching. It 
has waste-packed, split-type axle mounting and through-bolt axle 
caps, and bar-type spring-nose suspension. The strong, two-piece, 
fabricated gear case is sealed against the entrance of foreign material 
and loss of lubricant. 

Class B insulation is used throughout. The armature has large- 
capacity antifriction bearings and labyrinth seals at both ends. The 
armature shaft is made from heat-treated alloy steel which has low 
deflection. This maintains good gear mesh and uniform loading on 
the pinion. 
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Large holes for inspecting the commutator are provided in the 
top and bottom, making the brush rigging readily accessible. 

ONE THROTTLE OPERATES BOTH POWER PLANTS. The 

power circuits—which are simple—are shown below. The per- 



NO*l POWER PLANT ! 


LINE CONTACTOR Um | | 
I t 
I 

ELECTROPNEUMATIC 
REVER5ER f 



NO. 2 POWER PLANT 
^LINE CONTACTOR 










leading truck 




TRAILING TRUCK 


Fig. 5. Showing Power IMants and Power Circuits Which Operate the 
Trucks of G-E Locomotives 

formance of the locomotive is the same in either direction of opera¬ 
tion. Each power plant drives one truck and operates independently 
of the other, except that both are controlled by one throttle. Nor¬ 
mally, the two power plants share the trailing load equally; but in 
an emergency one power plant will operate the locomotive at half its 
rated capacity. (See Fig. 5.)* 

The electric controls for this switcher are quite simple, and their 
operation is completely automatic. They require only periodic 
attention, and are standard, time-tested devices that any plant elec¬ 
trician can service readily. 






Chapter VII 


Ba Idwin—Westi nghouse 
Equipment for Switching Locomotives 


ESSENTIAL ELEMENTS.' The Diesel Electric equipment con- 
sists essentially of two elements: 

(a) A Diesel engine-generator unit power plant to supply the 
power. 

(b) Electrical apparatus to transmit the power from the engine 
to the driving axles. 

The electrical drive provides an efiFective means of transmitting 
the power from the engine to the driving wheels. 

ELECTRICAL APPARATUS. The electrical equipment com¬ 
prises standard railway apparatus adapted to meet the particular 
requirements for this class of service. 

The electrical energy is supplied by a generating unit which 
consists of a main generator directly connected to the engine and an 
exciter-auxiliary generator unit belt-driven from the main generator 
shaft. The current generated by tlie main generator is transmitted 
through various switching and control devices to operate the axle- 
hung traction motors, which are geared to the driving axles and 
perform the actual duty of propelling the train. 

The main generator is operated as a motor to start the engine 
when connected to the storage battery through its series starting 
field. The starting circuits are controlled by magnetic contactors 
which are operated from the starting push button. 

The auxiliary generator is regulated for constant voltage, and 
supplies power for charging the storage battery which in turn 
operates the electrical auxiliaries. Main generator excitation is ob¬ 
tained from the exciter which is of the differential control type for 
automatic engine loading. 

The lighting and control circuits are energized from the storage 
battery, being independent of locomotive or engine speed, and they 
are conveniently controlled from the operator's compartment. 





116 DIESEL LOCOMOTIVES-ELECTRICAL EQUIPMENT 


The speed and direction of motion of the locomotive are con¬ 
trolled by a mechanical throttle in conjunction with a master con¬ 
troller through the operation of various switching devices which are 
grouped together in the cabinet. 

The starting and control contactors, and those employed in the 
auxiliary apparatus circuits, are actuated by electromagnets, while 
the power (unit) switches and reverser in tlie traction motor circuit 
are operated by electro-pneumatic valves, utilizing compressed air. 

On the meter and gauge panel is mounted the load ammeter. 
GENERATING EQUIPMENT AND CONTROL DEVICES. 
Main Generator. The main generator is driven by the engine and 
supplies current for the operation of the traction motors during 
running periods; it is also used as a motor, operating from battery 
current, to start the engine. (Refer to Fig. 37.) 

Auxiliary Generator. The auxiliary generator furnishes current 
for battery charging during operating periods. 

The Exciter. This furnishes excitation for the main generator. 

Engine Starting Contactors. Magnetic contactors G1 and G2 
establish engine starting circuits from the battery to the main gen¬ 
erator armature and series starting field. 

Auxiliary Generator Field Contactor. Magnetic contactor EF 
controls the auxiliary generator and exciter field circuits. It remains 
closed during all operating periods under control of a push button. 

Reverse-Current Relay and Contactor. This relay and con¬ 
tactor A controls the auxiliary generator battery charging for 
reverse-current protection. It closes the circuit when the auxiliary 
generator voltage reaches a predetermined value above battery 
voltage. 

Voltage Regulator. The regulator controls the auxiliary^ gen¬ 
erator voltage by varying the value of field current in the field 
circuit. 

Main Generator Field Contactor. Magnetic contactor GF 
controls resistance to reduce the main generator excitation during 

Voltage Relays. Relays FSl, FS2, and FS3 operate at a pre¬ 
determined generator voltage to automatically control the shunt 
field motor connections. 
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Engine Load Regulator (if Used). Carbonstat LR is hydrau¬ 
lically operated by a valve attached to the engine governor to pre¬ 
vent engine overload. 

TRACTION MOTOR AND SWITCHING DEVICES. Trac¬ 
tion Motors. The traction motors are geared to the driving axles. 
They are forced ventilated. 

Electro-Pneumatic Switches. Switches PI and P2 connect the 
traction motors to the generator. 

Main Circuit Shunt and Ammeter. These provide meter indi¬ 
cation of the main generator load current. 

Motor Cut-Out Switches. These knife blade type switches 
control the operation of the electro-pneumatic power switches PI 
and P2. 

Controller. The controller controls the direction of motion of 
the locomotive. It contains a locking device which prevents move¬ 
ment when the throttle is open. 

Push Button Boxes. These are assembled units of push but¬ 
tons used for controlling the various auxiliary and lighting circuits. 
The control push button box is provided with a lock. 

Battery Circuit Shunt and Ammeter. These provide indica¬ 
tion of the battery charge and discharge current. 

Battery Cut-Out Switch. This knife blade switch controls the 
connection from the battery to all locomotive circuits, except operat¬ 
ing cab light and electrical apparatus compartment. 

Throttle Switch. The throttle switch, operated by the me¬ 
chanical throttle lever, controls the contactor and power switch 
circuits when changing from idling to running position. 

SEQUENCE TEST OF CONTROL EQUIPMENT. In order to 
test the correct functioning of each switch, contactor, and relay, and 
to determine if the operation of the unit is in proper sequence with 
other units, the following outline is given. (Refer to Fig. 37.) 

(A) Preliminary 

1. At battery cut-out switch disconnect wire B running to the 
terminal board stud B. At battery ammeter shunt disconnect wire 
AG — running to terminal board stud AG —. 

2. Connect temporary wire between terminal B1 on battery 
cut-out switch and terminal board stud B. 
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3. Connect temporary wire between terminal N1 on battery 
cut-out switch and terminal board stud N. 

4. Tie battery cut-out switch in the open position so that it 
cannot be closed. 

5. Connect shop air line to the main reservoir. 

(B) Engine Starting Circuits 

1. Press control push button. 

2. Press engine start button and note that contactors G1 and 
G2 close. 

3. Pressing engine start button, close contactor EF by hand 
and note that switches G1 and G2 drop out. 

4. Repeat the above with contactor GF. 

5. When releasing either contactor EF or GF switches G1 and 
G2 should close again. 

6. Still holding starting button closed, throw reverser switch 
handle to forward or reverser position and notch out with throttle. 

7. Release starting button. 

8. Note that G1 and G2 contactors drop out first and after¬ 
ward observe Pi, F2 and GF closing. 

9. Return throttle switch to idle position and note that Pi, 
P2 and GF drop out. 

10. Press fuel pump push button and note that fuel transfer 
pump starts. 

(C) Exciter Circuits 

1. Press exciter field push button and note that contactoi EF 
closes. 

(D) Locomotive Operating Circuits 

1. Throw reverse lever to forward position. 

2. Move throttle away from idle position. Reverser should 
be in forward position when left-hand magnet valve is energized. 
After reverser has been thrown to forward position note that 
switches Pi, P2 and GF close. 

3. Return throttle to idle position. Move reverser handle to 
reverse position. Move throttle away from idling position. Observe 
if reverser throws to reverse position and if contactors Pi, P2 and 
GF close. 



BW EQUIPMENT FOR SWITCHING LOCOMOTIVES 119 

4. Press engine start button and note that contactors G1 and 
G2 do not close. 

5. Open No. 1 motor cut-out switch and note that switch PI 
opens. 

6. Close No. 1 motor cut-out switch, open No. 2 motor cut¬ 
out switch and note that switch P2 opens. 

7. Close No. 2 motor cut-out switch, close field shunting relay 
FSl by hand and note that contactors Ml and M2 close. 

8. Holding FSl closed, then close field shunting relay FS2 by 
hand and note that contactors M3 and M4 close. 

8A. On 1000 Hp. locomotives holding FSl and FS2 closed, close 
FS3 and note that contactors M5, and M6 close. 

9. Holding FSl and FS2 closed, close field shunting relay 
FS3 and note that contactor MS and M6 close. 

10. Release field shunting relays, move throttle to idle position, 
and note that switches Ml, M2, M3, M4, MS, M6, PI, P2 and GF 
open. 

11. Complete test by opening all switches. 

(E) Generator and Traction Motors 

1. Disconnect field shunting relay circuits by disconnecting: 

(a) At switch P2, wire G-|- running to field shunting relay. 

(b) At load ammeter, shunt, wire NN running to field shunt¬ 
ing relay. 

2. Disconnect meter wire by disconnecting wires AM3 and 
AM4 at load ammeter shunt. 

3. Apply 1000 volts for one minute to NN wire, and note that 
there is no breakdown. 

PERFORMANCE, The approximate performance of the loco¬ 
motive is indicated by the curves shown in Figs. 1 and 2. 

The performance curves include the motor current; the current 
demand on the main generator may be determined by a load am¬ 
meter, and by referring to the curve marked "Miles Per Hour,’' 
Fig. 1, the operator can determine the approximate speed at which 
the car or locomotive should be traveling, if the equipment is in 
good shape and properly adjusted. 

The propelling force (tractive effort) which is exerted by the 
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traction motors at the rim of the driving wheels, is proportional to 
the current through the motors. The tractive eflFort developed at any 
load current may be determined, therefore, from the curves marked 
“Tractive Effort.” 

1000 Hp.PERFORMANCE CURVE 



The speed at which the locomotive will develop a given tractive 
effort, is dependent upon the voltage applied to the motors—a higher 
speed being obtained with a higher voltage. 

The voltage at which the generator will deliver a given current 
to the motors is shown by the curve. 
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The engine which drives the generator unit to supply current 
to the motors is capable of delivering a given maximum horse¬ 
power; to prevent engine overloading, some provision must be made 
<0 

^ JOOO Hp. GENERATOR CURVE 

O 

> 



AMPERES 

Fig. 2. 1000 Horsepower Generator Curve 

for regulating the main generator voltage as the load current varies, 
to maintain practically a constant torque demand on the engine at 
its normal speed. 

The inherent characteristic of the diflEerential exciter automati¬ 
cally regulates the strength of the main generator field so that the 
generator voltage is decreased as the current demand is increased 
and vice versa. 
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ANALYSIS OF ELECTRIC TROUBLES THAT ARE 
LIABLE TO OCCUR 

The following analysis covers troubles that are liable to occur: 

I. The Lamps Will Not Light 

If the lamps will not light the most likely cause is that the fuse 

in the push button box is blown. 

Check the fuse in the particular light circuit involved and 

replace if blown. 

II. The Fuel Pump Will Not Operate 

(A) Check fuse on the control push button. If blown replace 
with new fuse. 

(B) Check the brushes on the fuel pump motor to see if they 
are stuck in the brush holders and are not making contact 
on the commutator. If this is the case sand and wipe 
brushes, until they slide freely in brush holder. 

(C) Check the commutator to see if it needs cleaning. If this 
is the case sand aiid wipe clean. 

III. Battery Will Not Turn Engine When Engine Starting Button 

is Pressed 

(A) Check fuses on control push button and engine start but¬ 
ton to see if they are blown. 

(B) Check main contacts on contactors G1 and G2 to see if 
they require cleaning or replacement. 

(C) Check interlock fingers on contactors GF and EF and note 
that they are clean and making good contacts with the 
contact posts. 

(D) Check brushes and commutator on main generator to see 
if they need sanding and cleaning. 

IV. Engine Will Not Fire 

(A) Clean fuel oil filters at inlet to fuel oil transfer pump and 
on front end of Diesel engine. 

(B) Check to see that emergency fuel shut off valve is not 
tripped. 

V. Auxiliary Generator Will Not Charge Battery When Exciter 

Push Button Switch Is Closed 

(A) Check fuse of exciter field push button to see that fuse 
is not blown. 
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(B) Check fingers of exciter field push button to see that they 
are clean' and making good contact with the copper 
segment. 

(C) Check main contacts of exciter contactor EF to see that 
they are clean and making good contact. 

(D) Check battery charge fuse to see if it has blown. 

(E) Check battery contactor A to see if the contacts are clean 
and making good contact. If contactor A does not close 
it will be necessary for the electrician to check battery 
charge contactor and reverse current relay to see that they 
are operating correctly. 

(F) Check auxiliary generator shunt field circuit from EF 
contactor to voltage regulator to AF wire on generator 
and see if connections are tight and continuous. 

VI. Locomotive Will Not Start When Speed Handle Is Moved 
Away From Idle Position 

(A) Check the reverser to see if it throws into position agree¬ 
ing with position of master controller reversing handle. 
If reverser does not throw check the following: 

(1) Check all fingers on the master controller to see that 
they are clean and making good contact with drum 
segment. 

(2) Check interlock fingers on contactor G2 to see that* 
they are clean and making good contact with con¬ 
tact posts. 

(3) Check throttle switch to see if contacts are clean and 
making good contact. 

(4) Check control air pressure to see that it is 70 pounds. 

(B) If the reverser is operating correctly, the trouble may be 
due to switches PI and P2 not closing. 

(1) Check main contacts of switches PI and P2 to see 
that they are clean and do not require replacement. 

(2) Check all interlocks on the master controller to see 
tliat they are clean and making good contact. 

(C) If the reverser and switches are operating correctly the 
trouble may be due to the generator field or the exciter. 

(1) Check main generator field contactor GF to see that 
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it is closing correctly and that contacts are clean and 
making good contact. 

(2) Check interlocks on switches PI and P2 to see that 
they are clean and making good contact. 

VIL Locomotive Will Not Accelerate Beyond 20 Miles Per Hour 
With Speed Handle in Full Speed Position 

(A) Check all field shunting relays and see that all contacts 
are clean and making good contacts. 

(B) Place reverse! drum in off position and notch out on speed 
handle. As the Diesel engine accelerates, observe the 
closing of the field shunting relays, which should be in 
numerical sequence. 

(C) If relays fail to close, the trouble may be due to loose ter¬ 
minals of wires G+ and NN, 

(1) Shut down engine. 

(2) Check G-\~ terminals at G1 switch and all field shunt¬ 
ing relays. 

(3) Check NN wires on load ammeter shunt and all field 
shunting relays. 

(D) If only one relay fails to close, the trouble may be due to 
loose wires on relay or coil. 

(1) Check G-f- and NN wires on respective field shunting 
relay after engine is shut down and see if they are 

tight. 

(2) Check connections to resistors on relays. 

(E) Check to see that exciter belts are not slipping. 

VIII. Heater Switches Closed, But Heaters Will Not Heat Up 

(A) Heaters will not heat unless auxiliary generator is operat¬ 
ing. 

(B) Check each heater switch for visible indication of actual 
position of switch mechanism, 

(C) The tripped indication on the face of switch reveals that 
either an overload or short circuit exists. 

(D) Move switch handle first to the off position and then 
re-close breaker again. If breaker trips refrain from any 
further attempts to close the switch until the cause of the 
overload or short circuit is remedied. 




and Auxiliary Generators 
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GENERATOR UNIT 


The generator unit comprises that part of the equipment which 
is to generate the electrical current for operating the traction motors 
and auxiliaries. It consists of two machines known as the main 
generator and the exciter-auxiliary generator. The main generator 
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3 Inner Bearmg Cap 

4 Gasket 

5 Thrust Collar 

6 Oil Slinger 

7 Oil Slmger 

8 Armature Spider 

9 —5Vl" 16 Htxagon No Bolt 

10 %" Lock Washer 

11 150 M/M Free Roller Bearmg 

Note: Check Bearmg Dimensions as 
.0025 after Assembly 


)r Bearing Assembly 

12 " X Hexagon Head S Bolt 

13 1 " Lock Washer 

14 C hp 

1^ ^4" P T Straight Hydraulic Alt mite 

Fitting 

16 B Coupling 

17 7%" of ’ 4 " X-Heavy B Pipe 

18 50 07 of Grease 

19 C E Housing 

20 C E Housing 

P D Specifications Mm Internal Clearance 


armature is supported by a self-aligning roller bearing on the com¬ 
mutator end and the armature spider is solidly coupled to a flange 
on the engine shaft at the other end. The exciter-auxiliary generator 
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is mounted on top of the main generator and driven from the main 
generator shaft extension by vee belts and pulleys. 

The main generator supplies the current for operating the trac¬ 
tion motors and is separately excited from the low-voltage exciter 
which has a differential series field excited by line current of the 
main generator. The auxiliary generator supplies power to the 
auxiliaries such as lights, battery, etc. Its voltage is controlled by a 
voltage regulator. 

Ventilation is obtained by means of a fan mounted at the rear 
of the generator. It will draw air through the front (commutator) 
end housing and exhaust it at the rear. 

Bearing and Lubrication. To insure continued operation, it is 
u(‘cessary to keep the bearing properly lubricated, and all dirt, grit, 
or other foreign matter must be excluded from contact with the 
bearing. The bearing is retained in the housing by means of an in¬ 
ner and outer bearing cap, and the grease lubricant is held in the 
bearing chamber around the bearing by these caps. To prevent 
leakage along the shaft, the sealing grooves in the bearing caps 
should be filled with manufacturers grease. 

There is danger of over-lubricating this bearing as well as 
under-lubricating it. The grease should be used in the Alemite 
fitting, about /2 oz, to each fitting, in order to feed grease to each 
side of the bearing. Add every three months, more or less, depend¬ 
ing upon the service. On general overhaul the bearing caps should 
be* thoroughly cleaned with gasoline and use of dry compressed air. 
The final cleaning of the bearings should be in clean gasoline after 
which the bearing should be blown by dry compressed air. If 
the bearing is not to be re-assembled immediately, it should be 
greased and wrapped in a protective covering to keep out dirt and 
moisture. In handling bearings, during overhaul, there should be a 
liberal use of clean lintless cloths for keeping both the hands and 
the bearings clean. Do not use waste on the bearings. Before re¬ 
assembling bearings they should be carefully inspected for: cracked 
races; cracked or pitted rollers; excessive wear of cage; and loose 
cage rivets. 

When re-assembling the bearings, both bearing caps should be 
filled approximately half full and the space between rollers should 
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be packed with grease. After one month s operation add approxi¬ 
mately 4 ounces of grease and thereafter follow regular greasing 
schedule. 



TIGHTEN UP bearing 
NUT UNTIL SOLID, THEN 
SCREW IN TWO OF NO. 

15 OPPOSITE EACH OTHER. 
AFTER SET SCREWS HA VE 
BEEN TIGHTENED, STRIKE 
WITH HAMMER.AND TIGHTEN 
AGAIN BEFORE PEENING 
OVER. 


Fig 5 Auxiliary Generator Exciter Bearing 

Brushes and Brushholders. Information concerning the type 
and size of brushes for the individual generators, as well as the 
brush pressures, is given on the general data sheet in this section. 


NO 

DISCRIPTION-MA TE RIAL- 
REFERENCE DRAWING 

1 

HOUSING 

2 

REAR BEARING CAP 

3 

AUXILIARY GENERATOR FRONT BEARING CAP 

4 

EXCITER FRONT BEARING CAP 

5 

GASKET 

€ 

60*^*^ THRUST ROLLER BEARING 

7 

60^^FREE ROLLER BEARING 

8 

SHAFT 

9 
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10 

SPACER 

/ / 

DUST GUARD 

12 

2^" H EX. HD. BOLT 

13 
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14 
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/5 

j^-l6TH Xj”LONG CUP POINT 


SAFETY -SET SCREW 
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The brushes and brushholders should be inspected periodically 
to be sure that the presence of dirt or grit has not caused any of the 
brushes to stick in the brushholders, and that the proper brush 
pressure is maintained, since the wear on a brush reduces its 
length and, consequently, the spring tension. The brush tension 
can be regulated on the main generator by withdrawing the cotter 
pin that holds the tension barrel which holds each spring, turning 
tension barrel by inserting a /s" diameter pin in one of the holes 
and turning sleeve until spring pressure is 29^ to 3/4 pounds, then 
line-up one of the holes in the sleeve with the hole in the pin and 
insert cotter key. 

All brushes that are chipped or worn excessively should be 
replaced. When fitting new brushes to a commutator, use sand¬ 
paper (not emery cloth) with the smooth side of the paper close 
to the commutator, to avoid rounding the brush edges, and draw 
it under the brush in the direction of rotation. 

Brushholders are adjusted on a neutral position at the factory 
by rotating the commutator end bracket by means of the slotted 
bolt holes and doweling it in the correct position. The brush- 
holders should be kept rigidly bolted in position to maintain Js-inch 
clearance between the bottom of the brushholders and the com¬ 
mutator. The pigtails on the brushes should be fastened securely 
under the screws provided for that purpose on the brushholder 
casting. 

Com mu fa for. The commutator surface should be polished and 
free from pitting. The mica between the copper segments is initially 
grooved or undercut to a depth of %4 or %4 inch; as the com¬ 
mutator wears, or if it is turned, the groove should be maintained 
since high mica will spoil the brush fit and cause sparking. 

If the commutator becomes blackened or pitted, it should be 
cleaned with sandpaper (never emery), polished with fine sand¬ 
paper, and blown off with compressed air; the brushes should 
always be lifted when smoothing a commutator and not replaced 
until all grit has been removed. If the commutator is excessively 
worn or burned, the armature should be placed in a lathe and the 
commutator turned down just enough to give a uniform surface, 
after which the mica must be grooved with special saws. While 



MAIN FIELD 


COILS LA to OUT WITH ARMATURE SIDE UP 




Fig. 6. Main Generator—Wiring Diagram 

The style number of each coil is stamped on a tag attached to one end of coil. 
This tag is also stamped —O- (open coil) or —X— (crossed coil) following style number. 
The proper position of each coil in the frame is indicated by a tag shown below. 


Toward 

« 

Comm. 


With a compass, check polarity of coils laid out on bench, also after assembling 
in frame. Use a resistor in circuit with coils to give sufficient direct current flowing as 
shown by arrows, to indicate polarity. 



Polarity Test 

: North Pole S = South Pole 
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turning the commutator, protect the windings from flying copper 
chips; after undercutting, clean off burrs from copper segments, 
and clean out slots after smoothing commutator with 00 sandpaper. 

Do not use any lubricant on the commutator as there is a 
certain amount of graphite in the brushes which supplies all the 
lubrication required. 



COMMUTATOR END 


Fig 7 Mam Generator Wiring Diagram 
Laying Out Winding Winding Data 

1 4. of Tooth Between Slot 6 and 7 is on Number of Armature Slots 92 

4 . of Bar #3 Number of Commutator Bars 368 

2 Starting at Bar #3 Count Back (Clock- Coils m Slots 1-12 

wise) to Bar #1 and m This Bar Place Leads Connect to Bars 1-2 

Lead #1 from Bottom Leads of Startmg Locates Top Leads of Startmg Coil 

Coil Locates Bottom Leads of Startmg 

3 Starting at Bar #1 Count Forwards Coil 

(Counterclockwise) to Bar #2 and in Locates Starting Coil m Slots 1-12 

This Bar Place Lead #1 from Top 
Leads of Startmg Coil 

Dismantling Main Generator and Exciter. In case it is neces¬ 
sary to make repairs to the armature, bearing, or field coils, the 
following procedui e should be used. 

To Remove Exciter—Auxiliary Generator. Disconnect all 
leads to exciter, lift brushes off commutator, remove vee belts and 
remove the bolts which hold the exciter frame in place. The 
machine may now be lifted off the generator. To disassemble 
exciter remove bolts that hold bearing caps and rotate caps ap¬ 
proximately 30°. Then screw bolts in the three tapped holes and 
pull the dust guards from their fits. Next, loosen bolts at parting 
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line between the two halves of frame. The two frame halves may 
now be removed. 

To Remove Roller Bearing, (a) First lift the brushes from 
commutator and disconnect strap connections between brush- 
holder and interpole coils. 

(b) Remove bearing thrust collar with puller supplied for that 
purpose. Remove bolts that hold bearing cap and remove this cap. 

(c) Remove bolts that hold end housing to frame and pull 
housing out of its fit by screwing bolts in the tapped holes provided. 
Before pulling the bracket from its fit, jack up under the armature 
shaft a sufficient amount to relieve the weight on the bearing. 
Support the main generator armature by strips of hard fiber (about 
3 inches wide) between the armature laminations and poles and 
remove end jack. The commutator end bracket can be removed. 

(d) Cover bearing with clean paper. Cut out paper to clear 
shaft and apply sufficient grease to have paper adhere to race. 

(e) Remove bearing and both oil throwers by using a special 
puller, in conjunction with rear bearing cap. 

(f) If a new bearing is to be installed, make certain that the 
outer race does not stick in the housing. If the outer race is tight 
then it is very important that the housing fit be scraped or lapped 
to give a loose fit having a clearance of from .001" to .002". 

(g) When re-assembling an old bearing or installing a new 
bearing, the bearing, oil thrower, and thrust collar should be 
heated in an oil bath to a temperature of 125°C. for shrinking 
in place on the shaft. Refer to the bearing assembly when doing 
this. 

To Remove Main Generator Armature, (a) To remove the 
main generator armature, the generator unit must first be removed 
from the locomotive; before uncoupling from the engine, fiber 
strips about 3" wide should be carefully inserted into the air gap 
so that the armature will not drop down on the pole pieces when 
the generator is slid away from the engine crank shaft flange. 

(b) With the generator unit removed, proceed as indicated 
in the preceding paragraph to remove the exciter, auxiliary gener¬ 
ator, and the bearing assembly. 

(c) An extension pipe will be required over the shaft at the 
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Fig. 8. Auxiliary Generator-Wiring Diagram 
The style number of each coil is stamped on a tag attached to one side of coil. This 
tag is also stamped -X- (crossed coil) and —O— (open coil) immediately following tiu* 
style number. The position of each coil in the frame is indicated by a tag shown below. 


Polarity Test 

N = North Pole S = South Pole 


With a compass check polarity of coils laid out on bench also after assembled in 
frame use a resistor to give about 3 amps, current flowing as shown by arrows. 



<— 


Toward 

Comm. 
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commutator end so that the armature may be protected far enough 
out of the frame to be handled entirely from the coupling end. 

Caution: Before using an extension, screw on the shaft nut to 
protect the threaded portion of the shaft; do not allow the armature 
to rub on the poles when removed, and support the armature shaft 
on wooden blocks after removal. 

(d) Pass a heavy rope around the ends of the armature shaft, 
and lift the armature just enough to clear the pole pieces, after 
removing any wedges, etc., and ease out of frame toward the 
coupling end. Care must be exercised not to injure the laminations 
and windings during this process. 

INSTRUCTIONS FOR LINING UP 
SINGLE BEARING GENERATORS WITH SOLID 
COUPLINGS TO DIESEL ENGINE 
(TYPE 485 AND 487 GENERATORS) 

(1) See that the mounting faces of the generator and engine, 
also the contact faces of the generator coupling flange and the 
engine coupling flange are clean with no burrs or rough spots. 

(2) Carefully ream the bushing holes in the coupling faces 
and fit the bushings to the holes. The generator windings should be 
protected against entrance of any chips or cutting compound, if 
used. 

(3) Check the coupling face of the engine coupling to make 
sure it is perpendicular to the axis of the crankshaft. This is best 
done by fixing a surface gauge rigidly to the engine bed-plate and 
recording the total eccentricity shown by the gauge on the coupling 
face in one complete revolution. The total eccentricity should not 
exceed .0005". 

(4) Support the armature on the lower main pole pieces by 
strips of fiber /s inch thick, so placed that they can be withdrawn 
from the generator after it is assembled on the engine. 

(5) Put two bolts, diametrically opposite to each other, in 
coupling and draw tight while pulling frame up to engine. Bolt 
frame to engine. Loosen the two coupling bolts and check alignment 
by using a feeler gauge at top, bottom and both sides of coupling 
faces. The feeler gauge measurements at the sides should not differ 
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more than .001 inch. The measurement at the top of the coupling 
should not be more than at the bottom. It is desirable to have the 
bottom measurement between the coupling flanges .001 inch greater 
than at the top, but this difference should not be greater than .002 
inch. Any adjustments necessary may be made by shims between 
flange on frame and corresponding flange on engine. After the 
coupling line-up is correct, tighten all coupling bolts. 



Fig. 9. Exciter Armature Wiring Diagram 
Laying Off Windings Winding Data 

1 The Center Line of Starting Coil Is on Number of Armature Slots = 49 

Center Line of Slot #5 and on Center Number of Commutator Bars = 98 

Line of Bar #18. Coils Lie in Slot #1 and #9 

2 Starting at Bar #18 Count Back (Clock- Leads Connect to Bar 1 and 34 

wise) to Bar #1 and in This Bar Place Commutator Center Punched on End 

Lead #1 of Bottom Leads of Starting n Locates Top Leads of Starting Coil 

Coil. Locates Bottom Lead of Starting Coil 

3 Count from Bar #1 Forward (Counter- . Locates Bar #18 on Center Line of Slot 

clockwise) to Bar #34 and in This Bar ^5 

Place Lead #1 of Top Leads of Start¬ 
ing Coil. 

(6) After the generator is coupled and bolted to the engine, 
be sure and remove the fibre strips that were used to separate the 
armature from the pole pieces. 

TOOLS FOR GENERATOR UNIT 

* Commutator Grinding Rig (without Stone) (for Main 


Generator) . S No. 1 133 179 

* Grinding Stone for Commutator Grinding Rig. S No. 1 133 180 

Bearing Puller (for Main Generator). S No. 1 186 828 


Supplied only on Customer's Special Order. 
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Bearing Puller (for Exciter-Auxiliary Generator).S No. 1 168 821 

Bearing Nut Wrench (for Exciter Auxiliary Generator). . . S No. 1 116 363 
f IM" Socket Wrench American Standard size 
f 1" Socket Wrench American Standard size 
Socket Wrench American Standard size 
f Socket Wrench American Standard size 
fJa'' Socket Wrench American Standard size 
f/ b" Socket Wrench American Standard size 
End Wrench 

tThese socket wrenches are not furnished. Note that the various sizes listed are 
American Standard which is different from U.S. Standard or S.A.E. Standard. 


GENERATOR AND EXCITER—AUXILIARY GENERATOR 
600 HP. GENERAL DATA 

Operating Limits Main Gen. Aux. Gen. 

Maximum safe r.p.m. 900 2500 

Maximum volts . 900 135 

Maximum amperes . 1600 85 

Maximum shunt field amperes. 100 6.5 

Brushes 

Number of brush arms. 8 4 

Brushes per arm. 2 1 

Grade of brush. W-457 W-457 


Size of brush inches. 

Minimum radial length of brush when 


%x2]^x2}i ^ywxlxl% 
%x2^^x2h: . 


Exciter 

2500 

100 
6 

6 

1 

W-457 

%x^x9^ 


worn . vr jr 

Brush pressure .8 to 10 lbs. 2/4 to 2^2 lbs. 

Air Gaps 

Main pole .25 inch .050 inch .025 inch 

Commutating .375 inch .094 inch . 


Reference Drawings 

Outline (Fig. 3) 

Bearing Assembly (Fig. 4) 

Stator Wiring Diagram (Fig. 6) 
Armature Winding Diagram (Fig. 7) 


Weights 

Generator . 10,500 lbs. 

Exciter-auxiliary generator. 745 lbs. 

Generator stator . 5,270 lbs. 

Generator armature . 3,900 lbs. 


GENERATOR AND EXCITER—AUXILIARY GENERATOR 
1000 HP. GENERAL DATA 


Operating Limits 

Maximum safe r.p.m. 

Maximum volts . 

Maximum amperes . 

Maximum shunt field amperes 


lin Gen. 

Aux. Gen. 

Exciter 

900 

2500 

2500 

900 

125 

.... 

2000 

85 

100 

100 

6.5 

6 
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Brushes 

Number of brush arms. 

Brushes per arm . 

Grade of brush. 

Size of brush inches. 

Minimum radial length of brush when 

worn . 

Brush pressure . 

Air Gaps 

Main pole. 

Commutating pole. 

Reference Drawings 
Outline (Fig. 3) 

Bearing Assembly (Fig. 4) 

Stator Wiring Diagram (Fig. 6) 
Armature Winding Diagram (Fig. 7) 
Weights 

Generator . 

Exciter-auxiliary generator . 

Generator stator . 

Generator armature . 


8 4 6 

6 11 
. W-457 W-457 W-457 

400xl.580x2Ji %6xlxl^^ %kIx%, 

. 

. 2?ao33nbs. 2iao214lbs. 


.25 inch .050 inch .025 inch 
.375 inch .094 inch . 


10,500 lbs. 

745 lbs. 
5,270 lbs. 
3,900 lbs. 


TRACTION MOTORS 

The traction motors are of the same type as those in general 
use for electric traction service. They are known as Direct-Cur« 
rent Series Motors. 

They are designated as. Direct-Current because the electric 
current which operates them flows continuously in one direction. 

They are called Series type because the operating current 
passes through the armature and field winding in series (i.e., first 
through one and then through the other). 

One side of the motor is supported by bearings on the loco¬ 
motive axle and the other side by a nose, which is cast on the 
motor frame, through springs to the truck transom. 

Each motor is connected to its axle through single reduction 
gearing. 

TRACTION MOTOR—GENERAL DATA 


Weight 

Motor complete, including gear and grease case. 6170 lbs. 

Frame, including poles, coils and brusliliolders. 3130 lbs. 

Armature . 1650 lbs. 

Gear case . 170 lbs. 

Gear . 480 lbs* 
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Air Gap 

Main pole . Ji" 

Commutating pole . 

crushes 

Number of brush arms. 4 

Brushes per arm and grade. 3 National AX-5 

Size of brush. 

Brush tension . 8 to 10 lbs. 

Minimum radial length of carbon when worn. VA" 

Armature Bearing 

Type .Roller bearing 

Grade of grease. M-7280-1 

Labyrinth seal grease. M-2694 

Quantity of grease.Fill bearings full 

Fill caps % full 

Reference Drawings 

Outline . Fig. 16 

Wiring Diagram Field. Fig. 17 

Winding Diagram Armature. Fig. 18 


Removing Traction Motors, (a) The leads from each motor 
are attached to the locomotive body by wooden cleats; remove 
these cleats and cut tape from the connectors. Disconnect all of the 
motor lead connectors taking care to see that all leads are plainly 
marked so that there will be no trouble when they are reconnected. 

(b) Remove the truck center pin and disconnect the brake, 
Sander and any other connections between the truck and cab. 
Jack the cab up at one end a suflBcient amount to clear and run the 
truck out from under after first securely blocking other truck. 

(c) Remove the bolt which secures the axle end of the gear 
case to the arm which is cast on the axle cap and also the bolt which 
secures the opposite end of the gear case to the lug on the motor 
frame. Pull out the gear case clips and the lower half of the gear 
case will then drop down and the upper half can be lifted ojEF. 

(d) Remove the axle shield, the motor axle cap bolts, and the 
motor axle caps. 

(e) Remove the straps wjbich hold the motor nose in place on 
the truck transom. 

(f) Lift the motor out of the truck with a crane, hooking 
the lifting chains into the bales cast on the motor frame for that 
purpose. When hooking up the crane chains, if three chains are 
employed, care should be taken to so adjust the lengths that the 
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motor will be lifted first on the side next to the truck center, and 
rotated around the axle a suflScient amount so that the lower hp of 
the axle bearing housing will clear the axle, before the chain 
attached to the axle side of the motor takes up its slack. 

Removing Armature from Traction Motors, (a) Remove 
pinion. (See section following on "Removing Pinions.”) 

(b) Remove all of the brushes and if they are in good shape so 
that they can be used again, mark each bnash carefully so that it 



Fig. 10. Auxiliary Generator Armature Winding Diagram 
Laying Off Windings Winding Data 

1 The Center Line of Starting Coil Is on Number of Armature Slots = 47 

Center Line of Slot #5 and on Center Number of Commutator Bars " 94 

Line of Bar #17. Coils Lie in Slot #1 and 9 

2 Starting at Bar #17 Count Back (Clock- Leads Connect to Bar 1 and 32 

wise) to Bar #1 and in This Bar Place Commutator Center Punchcvl on End 

Lead #1 of Bottom Leads of Starting :: Locates Top Leads’ of Starting Coil 

Coil. :. Locates Bottom Lead of Starting Coil 

3 Count from Bar #1 Forward (Counter- . Locates Bur #17 on Center Line of Slot 

clockwise) to Bar #32 and in This Bar #5 

Place Lead #1 of Top Leads of Start¬ 
ing Coil. 

can be replaced in the holder in the same position from which it 
was removed; this procedure will save reseating brushes when the 
armature is replaced. 

(c) Pull pinion end bearing seal with special puller. 

(d) Remove commutator end bearing cap. 

(e) Remove set screw in nut. 

(f) Remove nut and thrust collar. 

(g) Remove pinion end bearing cap. 
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(h) Remove pinion end oil thrower by applying heat to oil 
thrower by means of a heated ring that will fit over shaft. 

(i) Set the motor up on end with the commutator end down 
and remove the housing bolts on the pinion end. The housing 
can be loosened from its seat by screwing the jack bolts into the 
tapped holes which are provided for that purpose. 

(j) Cover bearing with paper to keep out dirt. 

(k) Screw the eye-bolt cap provided for that purpose on end 
of the annature shaft. The crane hook should then be attached 
to the eye-bolt and the armature together with the pinion end 
housing lifted straight up out of the motor frame. Care should be 
taken to see that the crane hoist is direc*tly over the center of the 
motor before the lift is started and the armature should be care¬ 
fully guided. When setting the armature down on the floor, care 
should be taken to see that it is properly supported so that it will 
not be damaged; it should be supported either from the shaft on two 
notched wooden blocks, or on a heavy felt or cloth pad. Be very 
careful when handling armature that no pressure is exerted on 
commutator. 

(l) After bearing is removed again cover with paper. 

TRACTION MOTOR BEARINGS. Since the successful per¬ 
formance of roller bearings depends to a very great extent upon the 
proper alignment of the various parts and the condition of the active 
surface, it follows that more care must be exercised in maintaining 
them than is necessary for sleeve bearings. Where sleeve bearings 
might operate satisfactorily despite the presence of a small amount 
of dirt, it is absolutely essential that roller bearings be kept posi¬ 
tively clean. For this reason the bearing assemblies have been 
equipped with an elaborate arrangement of labyrinths to exclude 
dirt while in service. In compensation for this increased care, the 
application of roller bearings will require less frequent attention 
than sleeve bearings and will render more reliable service. 

The general assembly of the commutator end, and the pinion 
end bearings, are shown on the bearing assembly drawing. 

LubricaHon of Armature Bearing. The selection of a proper 
lubricant is always important, and particularly so in the case of 
railway motor armature bearings, on account of the unusually severe 
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operating requirements. The grade of grease indicated on the data 
sheet is recommended by the bearing suppliers and it has been the 
experience that it will operate very satisfactorily in these bearings. 
It may be safely used during all seasons of the year. 

The proper quantity of grease should be used. Part of this 
grease is placed on and between the rollers, the rest in the caps. 
It is also well to seal the labyrinth with grease when assembling 
the bearings. The correct grease best suited for this purpose is 
specified on the data sheet. The full quantities of grease should 
only be added after the bearings have been dismantled and cleaned. 
This should be done at overhaul or at least once every two years, 
thoroughly removing all old grease with gasoline. After the first 
month of service or 10,000 miles, four ounces of grease should be 
added to each bearing and thereafter approximately two ounces of 
grease should be added every 40,000 miles or every four months. 
The exact quantity of grease required must be determined by ex¬ 
perience. 

Fittings should be carefully cleaned before adding new grease 
to avoid forcing dirt into the bearing. All oil and grease cans 
should be kept covered when not being used. 

To Inspect Condition of Bearings. The condition of the bear¬ 
ings at either end of the motor may be inspected with the armature 
assembled in the frame. The procedure is as follows: Commutator 
end; remove bearing cap nuts and bearing cap. Pinion end; remove 
pinion, bearing seal and bearing cap. 

To Remove Bearings from Shaft. The armature should be 
removed from the frame (see section on removal of motor and 
armature). The bearings are pulled from the shaft by using the 
back bearing cap,* the bearing cap studs and the special puller. 
On the commutator end the nut must be removed from the shaft 
before the bearing can be pulled. 

To Assemble Bearing on Shaft. To assemble the bearing races 
and throwers on the shaft, they should be heated in good clean oil, 
the throwers to about 150°C. and the races from 100 to 125°C. 
The throwers and races should be left in the oil long enough for 
the temperature to become uniform throughout. In applying the 
various parts to the shaft they should be pushed home and held in 
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position until seated. Great care should be taken that all races and 
throwers go on the same places from which they were removed, 
also that the races are not turned end for end. 

Caution: Care should be exercised to use an oil with a safe 
flash point as a heating medium. 

Note: This method of assembly can be used for reassembling 
other electrical apparatus anti-friction bearings. 

AXLE BEARINGS. The axle bearings of the traction motors 
are arranged for oil and waste lubrication. Fig. 12 shows a section 
through an axle bearing. 



A-NOR HEIGHT OF OIL IN OIL POCKET-3** 

B-MIN HEIGHT OF OIL IN OIL POCKET-1 

Fig. 12, Shows a Section through an Axle Bearing 


Lubrication. In order to obtain satisfactory results with these 
bearings, it is important to use a suitable grade of waste, a good 
oil, and to pack the waste into the bearing in the proper manner. 
The waste should be long fiber wool. Before using, it should be 
saturated in oil for at least 24 hours, and left on a screen or grating 
to drain for several hours. 

Mineral oil of a good grade should be used—Light oil in winter 
and heavy oil in summer. “Galena Electric Car Oil” or its equivalent 
is suggested. 

(a) Packing the bearings. The proper packing of bearings is 
of the utmost importance as poor packing is responsible for a large 
percentage of hot bearings. 

The axle caps must be packed before filling. As the periods 
between refilling and inspection are much longer than with the old 
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type of housings, care should be taken in packing the axle caps. 

The oil is drawn up from the oil well to the bearing by the 
capillary attraction in the strands of waste and it is, therefore, 
essential for proper lubrication to provide a continuous path for 
the oil flow. This means that long strand wool waste must be used 
and that the was^e must be in actual contact with the journal. 

The first step in packing the bearing is too prepare wicks from 
a bunch of oiled waste. The pieces of packing required for the 
wicks for the bearings should be made into skein forms of suffi¬ 
cient length to reach from the bottom of the waste chamber up to 
about six inches above the seat for the waste chamber cover. The 
skeins should be twisted about one complete turn in order to hold all 
of the strands of yarn in place to produce a springy wick. As many 
skeins as possible should be packed in the waste chamber, starting at 
the inner end of the bearing and working outward. The upper ends 
of the skeins should be allowed to hang out over the seat of the 
cover about six inches or enough to hold them in place. 

After the wick is formed in the chamber, it should be pressed 
over horizontally, tight against the axle, by means of a suitable pack¬ 
ing iron, and held in place by forcing the necessary additional pack¬ 
ing behind it. The loose upper ends of tlie skeins of the wick should 
then be folded over the other waste and tamped down tight. 

A pad of saturated waste, large enough to fill the remainder of 
the waste chamber, should be placed on top of the wick to catch 
and hold dirt which might fall in when the bearing housing cover 
is opened. 

After the bearing has been properly packed, the well should 
be filled with oil to the proper level. 

(b) Height of Oil. The oil should be poured into the oil pocket 
and not on top of the waste. If too much oil is poured into the 
well it will overflow. The height of oil measured from the bottom 
of the chamber should be not less than IM inch nor mpre than 
3?2 inch. 

Axle Bearing Clearance and Wear. New axle bearings are 
bored .028 to .030 inch larger than the axle over the center portion 
and .046 to .048 inch larger than the axle near the ends to give a 
relief bore. 
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The axle bearing seats in the motor are bored to size with a 
.017 inch shim between the caps and the frame in order to give a 
clamping fit. 

When new bearings are installed, shims .010 to .012 inch thick, 
should be inserted between the axle cap and the motor frame. The 
axle caps should be driven in straight, as rocking will distort the 
splines and pinch the bearings. The radial clearance in the axle 
bearing should be at least .015 inch; after the locomotive has been 
in service long enough to wear the bearings in (generally about 50,- 
000 miles) the shims are removed. 

Wear in the axle bearings is not so serious as wear in the 
armature bearings, but it is good practice to renew axle bearings 
that show wear of % to inch maximum. The amount of clearance 
can be measured by inserting a narrow feeler gauge between the 
under side of the axle and the bearing; the gauging can be done 
through the windows provided for that purpose in the axle shield. 
The end wear on each bearing should not be allowed to exceed a 
maximum of % inch. (When clasp type brakes are used, it may be 
necessary to limit wear on axle bearing adjacent to gear case to a 
lesser figure.) 

Care should be exercised to see that the axle shields are in 
place and the dust guards are on at all times when the locomotive 
is in operation, as dust and grit in working into the bearings will 
greatly increase the wear of the bearings. 

Removing Axle Bearings. In case it becomes necessary to 
remove the axle bearings while the motor is on the truck, proceed 
as follows: 

(a) Run the locomotive over a pit if one is available, or locate 
it to the best advantage for working on the under side of the axle. 

(b) Remove the axle dust shield between the axle bearings 
by taking out the four tap bolts which hold it in place. 

(c) If the bearing to be removed is on the gear side, it will 
be necessary to take out the gear case bolts and clips, and drop 
tlie lower half of the gear case. 

(d) Take out the four axle bearing cap bolts and remove 
the cap; if the cap sticks it can be loosened by tapping a flat cold 
chisel in the crack between the cap and the motor frame, first 
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on one side and then on the other side. Care should be taken to 
see that the cap is properly supported by a helper, or backed up 
by blocking when it is being loosened to prevent it from dropping 
suddenly and causing personal injury. The lower half of the axle 
bearing will drop down with the cap and can be readily knocked 
out with a wooden block and hammer. To remove the upper half 
of the bearing, jack up under the motor frame a sufficient amount 
to relieve the weight on the bearing and then revolve the upper 
half around the axle until it can be slipped off below. If the bearing 
sticks in the frame it can be knocked loose by driving down on the 
flange with a hammer and wooden block. 

HOT BEARINGS. Hot bearings will occur occasionally and 
they are usually the result of one of the following causes: 

(1) Lack of oil in bearings. 

(2) Imperfectly packed bearings. 

(3) New bearings with insufficient clearance. 

(4) Grit or foreign substances working into the bearing. 

(5) Motor nose clamped. 

(6) Excessive end play in truck axles. 

In case of trouble, investigate at once the level of oil in the 
well and make sure that it is up to the amount specified under 
the heading of ‘"Lubrication.” Examine the waste packing and make 
sure that it has not fallen away from the shaft. If it is not in proper 
shape, repack in accordance with instructions under the heading 
of “Lubrication.” 

In the case of new axle bearings, it is well to examine the clear¬ 
ance as bearings too tightly set up are frequently the cause of trou¬ 
ble. If the trouble persists with the bearing freshly packed, the oil at 
the right level, and ample clearances, the bearing should be re¬ 
moved and examined. If the bearing shows signs of cutting, it 
should be scraped down carefully to a new surface, or if too badly 
scored it should be replaced with a new bearing. 

Before replacing a bearing "which has been cutting, examine the 
journal carefully. Remove any roughness with fine emery paper, 
taking care after the operation to remove all traces of grit with 
a clean rag, and rub over the journal with oil. Grease should not 
be used on a journal which is lubricated by oil and waste, as the 
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grease will glaze over the waste surface and prevent the oil from 
reaching the bearing. 

See that a new bearing is perfectly clean and rub a little oil 
over the surface before putting it in place. 

Axle bearings should be set up with shims between the cap 
and frame if necessary to give the proper clearance. (See section on 
‘'Axle Bearing Clearance.”) Repack with clean new waste and fill 
oil well to the proper level. (See section on "Lubrication.”) The 
straps holding the motor nose should not be applied in such a 
manner that they produce a clamping action, as severe stresses in 
the nose and axle bearings may result. At least an inch clearance on 
each side of the nose is necessary to allow for the wear of truck 
parts. 

APPLYING PINIONS. The pinions are not provided with 
keys and experience has shown that in order to obtain satisfactory 
operation, the pinions should be shrunk on the shaft. 

The following points should be observed when the pinions are 
applied. 

(a) The shaft and the pinion bore should be clean and free 
from burrs and swellings. (Clean with gasoline.) 

(b) The fit of the pinion bore should be in contact with at 
least three quarters (75%) of the surface of the taper fit on the shaft. 
The contact area can be determined by rubbing Prussian blue, 
then red lead and oil, or thin lamp black and oil on the pinion 
bore and fitting it on the shaft. 

(c) After checking the pinion fit, the shaft and bore should be 
wiped perfectly clean. 

(d) To insure correct shrink fit, the pinions should be applied 
with an advance on shaft of 0.130 inch -f or — 0.005 inch. The 
proper procedure to obtain this advance is as follows: 

(1) Place the cold pinion on shaft with 1 inch overhang and 
then push pinion on by hand as far as possible. 

(2) Measure overhang after operation number one. 

(3) Remove pinion. 

(4) After checking the above, the pinion should be heated in 
an electric oven or induction healer to 142° C. above room tem¬ 
perature for two hours, then remove and quickly wipe the bore dry 
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without allowing the pinion to cool. It should be pushed on the 
shaft by hand. 

(5) Measure the overhang after operation number four above. 

(6) The difference in measurements obtained between opera¬ 
tions two and five indicate the advance. 

(7) If the pinion advance is less than 0.125 inch, the pinion 
should be removed and reapplied. 

REMOVING PINIONS. In order to remove a pinion, the 
motor must first be removed from the truck. The proper tool 
for removing a pinion is a pinion puller; there are a number of 
different types of pullers on the market and in a fully equipped re¬ 
pair shop, a power puller will probably be available. 

On the special tool sheet of this section is listed a very simple 
form of puller which can be operated by one man and will meet 
with all the usual requirements; it consists of a split plate and ring, 
four stud bolts, and a head plate. After removing the pinion nut 
and lock washer, the two halves of the split plate are slipped back 
of the pinion and the retaining ring is placed around them. 

The head plate is next slipped over the four studs and by 
tightening up on the nuts on the stud belts, the pinion is pulled 
off by the pressure exerted on the end of the shaft by the head 
plate. The nuts should be tightened alternately a little at a time 
and care should be exercised not to stand in front of the puller 
during the operation as the recoil when the pinion lets go may 
cause personal injury. 

In removing worn pinions that are to be scrapped and are 
very hard to pull, the following schemes are sometimes used: 

(1) The pinions are heated with a torch to expand the metal 
and relieve the fit. Note particularly that a flame should never be 
applied to a pinion which is to be put back in service as there is 
great danger of destroying the heat treatment. When an old 
pinion is heated, exercise great care to protect the shaft and housing 
from tlie heat to prevent damage. 

(2) Pinions are loosened by placing a fuller (a blunt chisel¬ 
shaped tool) in the trough of the pinion and striking a series of 
heavy blows with a sledge; the operation should be repeated if 
necessary in a number of troughs around the pinion. 
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(3) In some extreme cases it is necessary to cut the pinion off 
by means of a heavy cold chisel and sledge. 

Caution: Do not try to wedge the pinion off by using a drift. 
TESTING DIRECTION OF ROTATION. On a locomotive, 
when the traction motor leads have been disconnected, the motors 
should always be tested for their direction of rotation when the 
motor circuits are established. 

This test is very important and should be conducted carefully, 
as it is quite possible to have the locomotive apparently operate 
correctly in either direction and still have a wrong connection 
which would produce a serious motor trouble eventually. 

For example, if a field and armature lead were interchanged, 
the motor would operate correctly when the locomotive was operat¬ 
ing in one direction, but in the opposite direction the motor field 
could be cut out by the action of the reverser. 

If the unit were put directly into service with all motors in 
operation without previously testing the individual motors, the con¬ 
dition mentioned above might continue for some time before it 
was detected, with the probable result of a roasted out motor. 

The unit therefore should be moved backward and forward 
with each individual motor and should be operated in turn from 
each control station. 

Watch the load ammeter during these tests, because if the 
car or locomotive is on level track the current required to move 
it in cither direction with any one of the motors should be practi¬ 
cally the same. 

Any large difference in die current required to start the unit 
under the same conditions with the individual motors would in¬ 
dicate some abnormal condition. 

The following combinations are the ones most likely to be en¬ 
countered in making tfiese tests: 

(1) The individual motors operate the unit in the direction 
indicated by the reverse lever, and the current taken by individual 
motors when starting is practically the same, indicating the con¬ 
ditions to be correct. 

(2) The individual motors operate the locomotive opposite 
the direction indicated by the reverse lever, and the current taken 
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by the individual motors is practically the same; this condition 
is caused generally by the interchange of the F and R wrires be¬ 
tween the reverse drum of the controller and the reverser. The 
condition may also be caused by the reversal of the armature or 
field loads of all the motors, but such a situation is very unlikely. 
Check with the wiring diagram and make the necessary correction. 

(3) The individual axles do not revolve in the same direction 
for a given position of the reverse lever, but the current required 
to start is practically the same; such a situation indicates that 
the field or armature leads of one of the motors are reversed. 

In the correcting of the difficulty, be sure that the change is 
made at the correct point—namely, do not reverse the armature leads 
when the field leads should have been changed and vice versa. A 
reversal of the wrong leads may correct the immediate difficulty, 
but it will also make the wiring different from the diagram and may 
lead to more troubles. Check diagram and change leads accordingly. 

(4) A motor may operate the unit correctly in one direction 
but slowly or not at all in the other direction although the current 
is excessive. This trouble is usually caused by the interchanging 
of an armature and a field lead; such an arrangement will give 
correct connections for one position of the reverse lever, but it will 
cut the field out of circuit entirely in the opposite position. 

REMOVING AND REPLACING FIELD COILS. In case one 
of the field coils has to be removed from a main motor, it will be 
necessary first to remove the motor from the truck. 

Assuming the motor to be dismounted with the armature re¬ 
moved, proceed as follows: 

(a) Lay the motor on its side upon two heavy stringers so that 
it can be rolled over conveniently into different positions. 

(b) Strip the insulation off the leads from the coil to be re¬ 
moved to the adjacent coils, and unsolder the connections by the 
use of a blow-torch. Take care to protect the coils from the flame 
by pieces of asbestos sheet. 

If one of the large main coils is to be removed, it will first be 
necessary to remove one of the small commutating coils on either 
side of it; therefore, in this case unsolder the connections to one of 
these adjacent coils also. 
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(c) Remove the nuts from the studs which hold the pole 
piece of the main coil which is to be removed, and lift out the 
pole. (See Fig. 13.) 

(d) Remove the nuts from the studs of the adjacent com¬ 
mutating pole from which the leads have been unsoldered. Tap 
on the ends of the commutating pole studs with a hammer and a 
wooden block until the commutating pole projects enough from the 
coil so that it can be grasped and lifted out. (Fig. 14.) The com¬ 
mutating coil can then be taken out past the tip of the adjacent 


Fig. 13. Removing Main Pole Fig. 14. Removing Commutating Pole 


Fig. 15. Removing Commutating Pole Coil Fig. 16. Removing Main Field Coil 

On some motors the main pole tip does not overlap the commutating field coil, and 
it is not necessary to remove the main pole to take off the commutating field coil. 

pole by keeping close against the loose main coil. (See Fig. 15.) 
With the commutating coil removed, the main field coil can be 
swung out past the remaining commutating coil. (Fig. 16.) 

If only a commutating coil is to be removed, it will be necessary 
in the case of motors having a main pole tip which overhangs the 
commutating coil, to remove an adjacent main field pole, but it 
will be unnecessary to remove the main coil or disturb its con¬ 
nections. The procedure is indicated in Figs. 13, 14, and 15. 

When replacing coils, the procedure should be the reverse of 
that just described and the following points should be carefully 
noted: 

(a) It is Important that the main coil spring and main coil 
washer should be replaced in their original positions as on some 
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motors the spring and washer are placed back of the coil next to 
the frame, and on other motors in front of the coil next to the 
pole face. The main coil shield should be placed between the 
pole and coil. 

(b) Be sure to place the commutating coil spring and com¬ 
mutating coil washer back of the commutating coil before putting 
it in place. Take care that these items do not slip in between the 
pole and its seat when it is bolted to frame. 

( c) Make sure that the coils are turned right side up and right 
end to when placing them in position. 

(d) See that the pole seats and backs are clean and free from 
chips before putting the poles in place, and make sure that the 
poles are pulled home to their seat by the stud bolts. 

BRUSHHOLDER AND BRUSHES. The brushholders and 
brushes can be inspected when the commutator covers are re¬ 
moved. The size and grade of the brushes is specified on the 
motor "General Data’' sheet. 

Brush thickness is very important and the clearance a new 
brush in the holder should be approximately .004 to .006 of an inch; 
if the clearance is much less, the carbon will tend to stick in the 
box, and if greater, the brush will rattle, wear away its sides and 
tend to chip and break. The width of a brush is not so important, 
as it may have as much as y^j inch clearance in the box without 
causing any trouble. 

Brushes should be discarded when they have worn in length to 
such an extent that the brush pressure finger is within Ji inch of 
the end of its travel, or when the thickness has been reduced %2 
inch maximum. 

Brush pressure on the commutator is maintained by means of 
flat clock-type springs which exert pressure on a finger which rests 
on top of the brush. The brush pressure can be measured by at¬ 
taching a small spring balance to the pressure finger directly over 
the brush, and pulling straight up in a line with the brush travel 
until the finger is just lifted clear of the brush. The pressure of the 
brushes can be checked in the above manner with the brushholder 
in place in the motor, with the exception of those on the axle side 
of the commutator where the pressure can only be judged by feel 
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with the holder in place. By checking the pressure in the top brush- 
holder and comparing the feel of its tension with that of the lower 
holder, an approximation of the lower tensions can be obtained. 

To remove the brushholder for renewal, or accurate adjustment 
of the brush pressure, first disconnect the cable lead from the holder 
by removing the tap bolts, then take off the nut and the top half of 
the mounting clamp, and the holder may be lifted out. The 
wrenches for use in this connection are listed at the end of tliis 
section under “Tools for Traction Motors."’ 

The spring pressure is adjusted by removing the cotter pin from 
the tension barrel, turning the tension barrel in the proper direction 
to increase or decrease the tension, and re-inserting the cotter pin 
in one of the series of holes provided for that purpose. 

The under side of the brushholder carbon box should be kept 
within % to inch of the commutator to reduce the chance of 
brush breakage. Adjustment is possible by loosening the nut on the 
clamping block stud bolt and moving the brushholder to the 
correct position; a fiber sheet of the proper thickness makes a 
handy gauge. 

COMMUTATORS. A commutator which is taking on a polish 
and shows no signs of wear does not require any attention, but if it 
shows signs of roughness it should be smoothed; if only slightly 
roughened it can be smoothed with 00 sand paper but emery cloth 
or emery paper should never be used. 

If the commutator is badly worn or burned, the armature should 
be removed and placed in a lathe, and the commutator turned just 
enough to give a uniform surface, after which the mica must be re¬ 
grooved with special saws, swung on centers or bearings. 

The mica insulation between the copper segments is grooved or 
under-cut initially to a depth of %4 inch; as the commutator wears 
or if it is turned, the groove should be maintained since high mica 
will spoil the brush fit and cause sparking. The under-cutting can 
be done to the best advantage by use of one of the small power- 
driven saws which are built for this purpose. After the commutator 
has been turned or under-cut, the burrs which are formed on the 
edges of the bars during the process should be carefully removed 
with a three-cornered tool, the ends of the commutator bars rounded, 
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the slots cleaned out and the commutator finally polished with fine 
sand paper and blown off with compressed air. The brushes should 
always be lifted when smoothing a commutator in a motor and not 
replaced until all grit has been removed. 

The leads from the armature winding are soldered into the 
ends (necks) of the commutator bars which should be carefully in¬ 
spected when examining the armature. If the armature has been 
overheated and the solder thrown out, the leads should be re¬ 
soldered. 

Do not use any lubricant on the commutator as there is a certain 
amount of graphite in the brushes which supplies all the lubrication 
required. 

TOOLS. The work of overhauling the traction motors is greatly 
facilitated by the use of suitable tools. 

The following tools are furnished: 

Style 

Roller bearing and shrink ring bearing. 


C.E. bearing nut wrench. S No. 1 090 183 

Pinion puller . S No. 1 090 180 

Armature lifting nut with eye bolt. S No. 1 090 181 


ELECTRO-PNEUMATIC SWITCHES 

The unit switches are operated by compressed air and con¬ 
trolled by electro-pneumatic valves. In general, each switch com¬ 
prises a stationary and a movable contact, an interlock assembly, 
an air cylinder for bringing the contacts together, a magnet valve 
for admitting air to the cylinder, arc shields for protecting the metal 
portions of the switch, and a blowout coil for extinguishing the arc 
which is formed when the contacts are opened while current is 
flowing through them. 

(a) Contacts. The stationary (upper) and moving (lower) 
contacts are made of hard-drawn copper of suflBcient cross section to 
give long life and are identically the same. Each contact is held 
in place by a tap bolt which has a slotted head so that it can be re¬ 
moved readily with a heavy screw driver. 

Burning at opening and closing occurs only at the tips of the 
contacts and does not materially affect the current-carrying sur¬ 
faces. The shape of the contacts and the mechanical action of the 
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MAIN POLE FIELD COIL 
CONNECTIONS 

F rr 


COM MUTATOR POLE FIELD 
COIL CONNECTIONS 



COM MUTATOR END 


FULL UNES SHOW CONNECTIONS AT COMMUTATOR END 
DOTTED LINES SHOW CONNECTIONS AT PINION END 


THE STYLE NUMBER OF EACH 
FIELD COIL IS STAMPED ON A TAG 
ATTACHED TO ONE SIDE OF COIL 
THIS TAG IS ALSO STAMPED -O- 
COPEN COIL) OR -X- CCROSSED COIL) 
IMMEDIATELY FOLLOWING THE STYLE 
NUMBER. THE PROPER POSITION OF 
EACH COIL IN THE FRAME IS INDI¬ 
CATED BY A TAG SHOWN BELOW’, 


POLARITY TEST 

N^ NORTH POLE S-SOUTH POLE 

WITH A COMPASS CHECK POLARITY 
OF COIL LAID OUT ON BENCH, ALSO 
AFTER ASSEMBLED IN FRAME, USE 
A RESISTOR TO GIVE ABOUT SAMPS. 
CURRENT FLOWING AS SHOWN BY 
ARROWS 


TOWARD 

% 





COJAMUTATOff 

£+5 


Fig. 18. Traction Motor Wiring Diagram 


switch is such that the contact tips are brought together first, and 
they are then rolled back on each other through the action of a 
spring so tliat with the switch fully closed, the final contact occurs 
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at the rear portion or heel; when the switch is opened, the tips of 
the contacts separate last. The deep rolling action provided mini¬ 
mizes mechanical wear and the tendency to weld or freeze. 

The contacts normally wear to a surface which will give the 
best contact without any attention; however, the contacts should 
be removed when they are worn or burned away to the extent that 
the current carrying surfaces are materially affected. If the con¬ 
tacts roughen in such a way that they catch and do not close to- 



back (clockwise) to bar #1 and in this bar place lead #1 from bottom leads of starting 
coil. Count from bar #1 forward (Counter-clockwise) to bar #78 and in this bar place 
lead #1 from top leads of starting coil. 

Winding Data 

Armature has 31 slots. Commutator has 155 bars. Coil throw 1-9. Bar throw 1-78. 
. . . . Locates top leads from starting coil.Locates bottom leads from starting coil. 

. . . Locates starting coil in slots #1 and #9. 

gether at the heel, the contact tips should be smoothed with a file. 
With compressed air available, the contact action can be tested 
by pressing the pin in the magnet valve cap, taking care to have 
no current through the switch while experimenting. 

The spring which causes the contacts to roll when they engage 
is readily accessible for inspection and renewal. In, the fully closed 
position the lower contact bracket comes against a stop so that the 
finger spring does not carry the full thrust of the air cylinder. The 
spring should be examined from time to time to make sure that 
it is in good condition. 

(b) Air Cylinder Maintenance. Pistons are properly oiled 
when the switches are assembled at the factory and ordinarily will 
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function for a long period (six months or a year) before they re¬ 
quire any additional lubrication. When lubrication is necessary, oil 
as supplied by the manufacturer for this particular purpose, should 



be used. The use of unsuitable oil will lead to trouble from 
gummed pistons which will cause sluggish action or sticking. 

Switches which operate sluggishly may have one of the follow¬ 
ing faults: 

(1) Leaky piston packing. To check for a leaky piston, ener- 
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gize the magnet valve so as to close the switch and then apply a 
solution of soap and water around the vent hole in the cylinder 
top and around the piston rod guide; leakage past the piston will 
be indicated by bubbles. If the switch has been in service for 
a long time, the trouble may be due to a dried out piston, which 
generally can be remedied by squirting a small amount of oil in 
the cylinder vent hole and operating the switch a few times to 
work in the oil. If the piston does not stop leaking, remove and if 
in bad shape replace with a new one. 

(2) A broken cylinder spring. If the piston spring is broken, 
the switch will close quickly but open slowly. 

(3) The operating cylinder clogged with dirt. If its cylinder 
is dirty and gummed up, the switch will close and open slowly. 

Pistons should be taken out at the general overhaul period 
and cleaned and oiled. To take out a piston, remove the four tap 
bolts from the cylinder cap and remove the cap and gasket. Next, 
take out the cotter pin in the end of the piston rod and remove 
the piston packing, and the follower washer will then be forced out 
by the piston spring. 

All of the parts should be cleaned and inspected, and if the 
piston is badly worn it should be replaced with a new one; before 
replacing a piston, lubricate with oil. The cylinder walls should 
be wiped perfectly clean before re-assembling, and rubbed with a 
little oil. In replacing the cylinder head, be sure that the gasket 
placed between the cylinder and cap is in good condition. 

The above remarks apply in general to the electro-pneumatic 
details applied to other apparatus. 

(c) Magnet Coil and Valve. An electro-pneumatic valve is 
used to control the admission of compressed air to each operating 
cylinder. In order to operate the switch, it is only necessary to 
complete the circuit from the battery through the magnet coil; the 
current in the coil magnetizes the core which pulls the armature 
down to open the valve and admit air to the operating cylinder, 
at the same time closing the exhaust port from the cylinder to the 
atmosphere. When the coil is de-energized the valve lifts to shut 
off the supply to the cylinder and allows the cylinder to exhaust 
to the atmosphere. 
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For detailed information concerning valve inspection and main¬ 
tenance, see the section following on “Control Magnet Valves.” 

To install a new magnet coil, disconnect the coil leads from the 
coil; take off the magnet cap and lift out the armature and valve 
stem; using the core wrench, unscrew the core and lift out. The 
coil may then be slid from the valve and replaced by a new coil. 

In screwing the core back in place care should be taken to 
see that it is screwed in until it fits up against the bottom shoulder. 
In this position the core should be tight and the coil should be 
clamped firmly; if the coil is loose, add washers on top. 

(d) Arcing Horn and Arc Shield or Chute. An arc horn is 
attached to each moving contact bracket to carry the arc away 
from the contact to the arcing space. When the arcing horn is 
burned off, it should be replaced at once with a new one. 

The arc chute, which surrounds the main contacts, can be re¬ 
leased readily and slid out from its position; it is provided for the 
purpose of directing the arc and preventing it from coming in con¬ 
tact with the blowout poles and other metal parts of the switch. 
The parts of the arc chute are all made of arc-resisting insulating 
material, but they will gradually wear away under the continual 
burning action of the arc and will require occasional renewing. 
The sides should be renewed before they have burned away suffi¬ 
ciently to expose the metal pole pieces. 

The braided copper shunt which carries the current from the 
lower contact to the contactor terminal should be fastened securely 
and if broken or badly worn, it should be replaced promptly. 

ELECTRO-PNEUMATIC REVERSER 

The reverser functions to reverse the connections between 
the fields and armature of the traction motors and prescribe move¬ 
ment of the locomotive either forward or backward. 

The reverser consists of a drum (with insulated copper seg¬ 
ments) capable of rotation through a small angle, air cylinders 
with pistons for drum rotation, control magnet valves, power and 
control fingers and an insulating base. 

To operate the reverser it is only necessary to complete the 
circuit from the battery through one of the magnet coils. The 
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current in the coil magnetizes the core to pull down the armature 
and open the valve, thus admitting air to one of the cylinders to 
turn the drum. 

The reverser drum is divided into two parts; the larger section, 
which handles the main motor current, is provided with heavy cop¬ 
per segments which make contact with stationary fingers mounted 
at each side of the drum. The smaller section, which handles only 
the low-voltage control circuits, is provided with cam segments 
which close and open the small fingers on each side. The object 
of these interlock fingers, as they are called, is to prevent operation 
of the power switches until the drum is fully thrown in either 
direction. 

A handle is provided on the end of the reverser shaft so that 
it can be operated by hand in cases of emergency or during in¬ 
spection. 

The interlocking of the control circuits with the reverser is 
such that the drum contacts do not break the motor current. Any 
sign of arcing on the dram indicates either weak finger pressure 
or faulty operation. The drum contacts should be kept clean and 
smooth with the aid of fine sandpaper. The contacts should be 
wiped perfectly clean after they are smoothed, and particular care 
should be exercised to see that no grit is lodged under the fingers. 

Fingers. The pressure of the fingers on the contacts should be 
approximately 5 to 6 pounds for the main contacts. The interlock 
fingers when closed have approximately 1-pound pressure. The 
finger pressure can be measured by means of a small spring balance 
attached to a bent piece of metal strap which can be slipped under 
the finger. 

If the segment under the fingers is to be cleaned, the fingers 
should not be lifted far enough off the dnim surface so as to strain 
the spring and reduce the tension; such a common source of trouble 
should be carefully avoided. 

If the contact fingers and drum segments are allowed to operate 
completely dry, they will start to cut in a comparatively short 
time. A little light machine oil should be spread occasionally over 
the drum contacts with a piece of cloth, and the drum should then 
be operated a few times; any surplus oil around the contacts or 
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segments should be wiped oflE. The drum bearings should be oiled 
at intervals with a light oil. 

The finger pressure is varied by changing the bend in the finger 
springs where the flat spring type finger is used. To increase the 
pressure, it is necessary to remove the finger by removing the screws 
which hold it in place, and give the spring a little greater set. The 
fingers will maintain their pressure for a long period of time if they 
are not abused. Fingers of the compensated type cannot be ad¬ 
justed for spring tension. A damaged finger must be replaced. 

Cylinder Maintenance. Pistons are properly oiled when the 
reverser is assembled at the factory and ordinarily will function for 
a long period (six months or a year) before they require any ad¬ 
ditional lubrication. When lubrication is necessary, only oil as 
supplied by the manufacturer for this particular purpose, should be 
used. The use of unsuitable oil will lead to trouble from gummed 
pistons which will cause sluggish action or sticking. 

In order to remove the piston rod and pistons, it is necessary 
to first remove the four tap bolts which hold the drum bearings in 
place and lift out the drum. Next, the tap bolts in each cylinder 
head should be taken out and the head removed, care being ex¬ 
ercised not to injure the paper gaskets which are under them. The 
nut and lock washer on one end of the piston rod should now be 
removed, after which the piston rod with one piston attached can 
be shoved out of the cylinder by pushing on the end of the piston 
rod with a screw driver. The remaining piston in the cylinder can 
easily be pushed out from the other end. It is not advisable to 
push the piston past the opening in the center of the cylinder as 
the leather may be injured. 

CONTROL MAGNET VALVES 

Electro-pneumatically operated devices are provided with 
magnet valves which govern the admission of air to and the ex¬ 
haustion of air from the air-operated cylinders. Magnet valves fall 
naturally into two general classifications as to operating principle: 
namely Standard and Inverted Valves. 

The Standard Valve when energized, admits air from the pres¬ 
sure line through a small port or seat allowing the air to pass 
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Several mechanical adaptations of magnet valves have been 
made throughout the many years during which air-operated con¬ 
trol systems have been used. 

Inlet Valve Leakage. Occasionally a valve will blow (i.e. give 
out a hissing sound) due to leakage of air; if this occurs when 
the magnet coil is de-energized and the air blows out of the magnet 
exhaust port (/), Fig. 22, it is an indication that the lower (inlet) 
valve is not seating properly. This trouble is caused generally by 
the presence of a little dirt on the valve seat and in most cases 
can be cured by pressing down the pin in the top of the magnet 
valve and releasing it quickly several times. If the blowing persists, 
shut off the air from the apparatus and unscrew the plug at the 
bottom of the magnet valve. Carefully lower the plug straight down 
and the spring and lower valve will drop down with it. Wipe the 
valve perfectly clean and with a small stick and piece of cloth also 
clean the valve seat. 

When replacing the lower valve, spring, plug or valve nut, 
first remove the cap over the armature so that in case the valve 
stem does not properly enter the hole in the stem (k). Fig. 22, it is 
tree to be lifted by the advancing stem instead of being damaged. 
If the inlet or exhaust valve is not tight, the difficulty can some¬ 
times be overcome by inserting a small screw driver in the top slot 
and spinning it a few times on the seat. 

Exhausf Valve Leakage. In case a standard valve blows 
through the exhaust port when the coil is energized it is a sign 
that the exhaust valve (cl). Fig. 22, is not seating properly on the 
seat (e). This may be due to any one of the following causes 
which are mentioned in the order of their usual liability of oc¬ 
currence. (Refer to Fig. 22.) 

(1) Dirt on the valve seat (e). 

(2) Weak battery or low voltage applied to coil. 

(3) Dirt under the magnet armature (h). 

(4) Valve stem (k) worn down so that armature strikes the 
core (m) before the valve seats. 

To remove the stem (k) it is not necessary to shut off the air. 
First remove the cap over the armature and lift out the armature 
which is not fastened in any way. Next, place a finger of one hand 



Style No. 223682 

Style No. 757464 SCRAPER FOR STANDARD LOWER 

SCRAPER FOR STANDARD UPPER VALVE 

VALVE STEM 

To be used for reseating worn valves before regrinding. New valves do not require 
.scraping. 



ADDITIONAL BENCH TOOLS 


Whirligig or Valve Grinder 

Bit for /a" Valves. 

Bit for 3 ^ 3 " Valves. 

Bit for Valves. 

Bit for iJ" Valves. 

Extension Bit (".308 Dia.) for Floating Valve 
Core Wrench for ".325 Core Stems 
Core Wrench for ".218 Core Stems 


.Style No. 414800 
.Style No. 414804 
.Style No. 414802 
. Style No. 757468 
.Style No. 414803 
. Style No. 757472 
. Stvle No. 757466 
.Style No. 1086871 



SCRAPER FOR VALVE BUSIIIxNG SET FOR VALVE BUSHING 


To bo used before grinding in new valve bushings and also for reseating worn 
valve bushings before regrinding. 

New bushings are suppli^ with small drilled hole for ports, which must bo drilled 
out to same size as old bushings after new bu.shing is in place. 

Drill clearance hole for scraper in a lower valve nut as shown and use this as a 
guide for scraper and drill. Fig. 2 



METHOD OF GRINDING 
STANDARD VALVE 
Cover the surface of valve seat with 
a mixture of powdered pumice stone and 
oil, and spin the valve on the bushing with 
a screwdriver until seat is tight. 

The pumice should be removed be¬ 
fore testing for a leaking valve. 

Fig. 3 



METHOD OF GRINDING 
INVERTED VALVE 
Spin valve with tool Style No. 249746 
for grinding lower seat and with screw¬ 
driver for upper seat. 

Fig. 4 


Fig. 23. Tools and Instructions for Servicing Magnet Valves 

















METHOD OF SETTING AND SCRAP¬ 
ING INVERTED MAGNET VALVE 
BUSHINGS FOR RESEATING NEW OR 
WORN VALVE BUSHINGS BEFORE 
REGRINDING 
Fig. 4 



METHOD OF CHECKING AND AD¬ 
JUSTING FINAL GAP AND LENGTH 
OF NEW PUSH ROD 
INVERTED VALVES 

New push rods have excess length. 
After assembling and grinding as shown in 
Fig. 4, flat-file the top of the push rod until 
the ".052 gauge will discharge the cylinder 
with a slight leak, and the ".049 gauge dis¬ 
charges the cylinder with the valve tight. 
The final air gap is then between the two, 
or approximately ".050. 

The travel is set at the factory as 
between ".017 and ".027 by proper ma¬ 
chining of the bushings and floating valve. 
To check this, the ".079 gauge should not 
make the valve blow, but the ".066 gauge 
should cause a slight leak. Both tests 
should be made with the cylinder charged 
with air. 

In service, it is permissible to allow 
the push rod to wear until the final gap is 
".032, ory ".012 more than the brass resi¬ 
dual stops in the core face. The ".056 
gauge will at this point fail to unseat the 
exhaust and the push rod must be stretched 
by peening or a new rod used. 

Fig. 6 

Fig. 23. Tools and Instructions for 



METHOD OF CHECKING AND AD¬ 
JUSTING TRAVEL AND LENGTH OF 
NEW UPPER AND LOWER VALVE 
STEMS 

STANDARD VALVES 
Upper Valve Stem 

New Stems, both upper and lower, 
have excess length. Grind both to a tight 
seat as shown in Figs. 1, 2 and 3. Flat-file 
the top of the upper stem until the ".056 
gauge will operate the cylinder with a 
slight leak and the ".052 will close the 
valve tight. The final air gap is then be¬ 
tween the two, or approximately ".054. 

In service, it is permissible to allow 
the upper stem and seat to wear until the 
final gap is approximately ".032, or ".012 
more than the bronze residual stops in the 
core face. The ".066 will at this point fail 
to unseat the lower valve and the upper 
stem must be stretched by peening or a 
new stem used. 

Lower Valve Stem 

After the upper stem has been ad¬ 
justed as per instructions just given, try 
the valve with the ".088 gauge. This will 
probably cause the valve to unseat and 
blow due to excess length of the lower 
stem. The lower stem should be flat-filed 
until the ".088 gauge will not touch but 
the ".079 will unseat the lower stem. The 
total gap is then approximately ".086 and 
the travel is ".086 minus ".054, or ".032. 

In service, it is permissible to allow 
the push rod to wear until the final gap is 
".032, or ".012 more than the bronze resi¬ 
dual stops in the core face. The ".056 
gauge will at this point fail to unseat the 
exhaust port and the push rod must be 
stretched by peening or a new rod used. 
Fig. 5 

Servicing Magnet Valves—Continued 
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over the magnet valve exhaust port (/) and press down on top of 
the valve stem with a finger of the other hand and then raise the 
finger quickly. The valve stem will be raised by the air pressure and 
can be readily lifted out and the end of the valve wiped clean. 

A weak battery will sometimes give a sufficient pull to unseat 
the lower valve but not enough to close the exhaust. The obvious 
remedy is to charge the battery. 

Another possible cause of a blowing exhaust valve, i.e. worn 
down stem (/c), Fig. 22, is very unlikely to occur until after the 
equipment has been in service for several years. If this stem is 
found to be too short it can be slightly stretched by peening the 
shank. 

MAGNET VALVE INSPECTION AND MAINTENANCE. 
Valve Grinding. In order to obtain satisfactory operation from the 
electro-pneumatic valves, it is necessary to maintain the travel of 
the valve and the final gap between the magnet armature and the 
core, within certain limits. 

After a considerable period of service the valves wear down 
and it is necessary to refit or replace them. In order to accurately 
determine their condition a simple gauge, Style No. 754434, is em¬ 
ployed. This gauge is used for both standard and inverted valves by 
turning it over, depending on the type of valve to be checked. 

Standard Valves. Gauge S No. 754434 is used to check and 
adjust the final gap and the length of new upper valve stems. See 
Fig. I of Fig. 23. Remove the magnet cap and insert the gauge as 
shown. Flat file the top of the upper stem until the .056 inch gauge 
will admit air to the cylinder with a slight leak out the exhaust 
and the .052 inch gauge will close the exhaust valve tight. The 
final air gap is then between the two, or approximately .054 inch. 
New stems have excess length and should be ground to a tight seat 
before adjusting the gap. Directions for grinding are included in a 
later paragraph. 

In service, it is permissible to allow the upper stem and seat 
to wear until the final gap is approximately .032 inch. The .066 
inch gauge will at this point fail to unseat the lower valve to admit 
air to the cylinder and the upper stem must be stretched by peening 
or a new stem used. 
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The same gauge S No. 754434 is used, after the upper valve 
stem has been adjusted, to adjust the travel and the length of the 
lower valve stem. Use the .088 inch gauge. This will probably cause 
the valve to unseat and blow due to excess length of the lower stem. 
The upper end of lower stem should then be flat-filed until the .088 
inch gauge will not touch but the .079 inch gauge will unseat the 
lower stem. The total gap is then approximately .086 inch and the 
travel is .086 inch minus .054 inch or .032 inch. In service, it is 
permissible to allow the lower stem to wear as long as the con¬ 
demning gauge .066 inch makes the lower valve blow when the 
upper stem is new. If it does not, the travel has then reached .012 
inch and the lower stem must also be stretched by peening or a new 
stem used. 

Grinding Valves. It is occasionally necessary to grind in leaky 
valves. Use prepared grinding compound for this purpose, or make 
a thin paste of very finely ground pumic and machine oil. Apply 
a little grinding compound on the valve seat, put the valve in place 
and spin it back and forth with a screw driver. 

When grinding the lower valve, the upper stem or pushrod 
should be in place to act as a guide. After grinding, the stems and 
valve seats should be thoroughly cleaned, by using a little gasoline 
and blowing out with air. 

For detailed instructions and convenient tools for use in grind¬ 
ing or servicing valves see Fig. 23. 

CONTROL MAGNET VALVE TOOLS 
(Co-ordinate Type Valves) 

The following list of control magnet valve tools covers those 
generally needed to facilitate work on the apparatus. See Fig. 23 


on “Tools and Instructions for Servicing Magnet Valves.” 

Tool Style No. 

Standard Valve Seat Scraper (.325 inch dia. shank). 757462 

Inverted Valve Seat Scraper (.434 inch dia. shank). 326392 

Standard Valve Seat Set (.325 inch dia. shank). 757463 

Inverted Valve Seat Set (.434 inch dia. shank). 326393 

Standard Upper Valve Stem Scraper (.315 inch dia. stem). 757464 

Standard Lower Valve Stem Scraper. 223682 

Guide Nut for Standard Valve (.328 inch hole). 757465 

Tool Adapter for Grinding Lower Bushing in Inverted Valve (.434 

inch hole) . 326396 
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Tool Style No. 

Core Spanner Wrench (.313 inch Center Pin, 29/32" Spanner). .. . 757466 

Core Spanner Wrench (.206 inch Center Pin, 29/32" Spanner).... 1086871 

Whirligig Valve Grinder. 414800 

Steel Bit for Whirligig Grinder, 5/32". 414804 

Steel Bit for Whirligig Grinder, 7/32". 414802 

Steel Bit for Whirligig Grinder, 5/16". 757468 

Steel Bit for Whirligig Grinder, 25/64". 414803 

Extension Bit for Whirligig Grinder for Grinding Floating Valve with 

/s" stem (.308 inch dia., SM" long). 757472 

Valve Grinder with Handle Grip for Grinding Floating Valve with 

.127 inch stem (4" shank, .210 inch dia.). 249746 

Magnet Valve Gauge. 754434 

Socket Wrench (.242 inch hex. nut). 466807 

Socket Wrench (21/64" Sq. hd. bolt). 1016513 

Socket Wrench (25/64" Sq. hd. bolt). 1016795 


Screw driver, socket wrenches, and other standard tools as required. 

ELECTRO MAGNETIC CONTACTORS 

(1) Auxiliary Contactors (When Used). Auxiliary contac- 
tors are small magnetically operated switches, used for the purpose 
of closing and opening auxiliary circuits; they are operated by low 
voltage from the battery circuit. 

Each contactor comprises a stationary and movable contact, an 
electro-magnet for bringing the contacts together, a “blowout coil 
to extinguish the arc, and arc shields to protect the metal portions 
of the switch.” ‘ 

The stationary and moving contacts are made of hard drawn 
copper of sufficient section to give long life. Burning at opening 
and closing occurs only at the tips of the contacts and does not affect 
the current-carrying surfaces; a slight whipping action when closing 
insures a clean, low-resistance contact area. A steel compression 
spring insures positive contact pressure, regardless of wear, and also 
causes quick-opening of the contacts. 

The arc shields are made of molded heat resisting material and 
are hinged so that they may be easily rotated by hand for in¬ 
spection of contacts. 

(2) Maintenance of Auxiliary Contactors. No oil or other 
lubricant should be used on the copper contacts. The contacts 
normally wear to give the best contact surface without any at¬ 
tention; roughened appearance is no indication that good contact 
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is not being obtained. Clean the contact surfaces with fine sand¬ 
paper when the wear on the faces causes excessive roughness. 

(a) The copper contacts should be renewed when the tips are 
burned away to the extent that the current-carrying surfaces are 
materially affected. Contacts may be removed by taking out a single 



Fig. 24 . Engine Starting and Motor Field Shunting Contactors 


screw; neglect of contact renewal may allow the arc to burn the 
contact screw, making it difficult to remove, or may otherwise dam¬ 
age the contactor. 

Contacts sometimes wear quickly as the result of too small a 
travel and very little wiping action. This may be caused by a bent 
hinge pin, insufficient free movement of the armature, or too strong 
a finger spring. 
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(b) The bearings of the hinge pin and armature shaft require 
no lubrication; oil quickly collects dust and, unless parts are fre¬ 
quently cleaned, will interfere with the operation. 

The bearings and hinge pin should be kept in perfect condition; 
decreased contact pressure may result from a worn hinge pin or a 
weak finger spring; in either case the defective part should be re¬ 
newed promptly. 

(c) Arc shields should be renewed before the molded material 
is burned away sufficiently to expose the metal poles, the shield may 
be removed easily by taking out a single bolt. 

(d) The flexible copper shunt should always be held tight by 
the studs and rivets; if the rivets become loose, there is danger of 
the shunt burning through at that point. 

(e) The operating coil may be removed readily by lowering 
the armature, disconnecting the tenninal loads, and removing a 
single screw. Coils are designed to operate the contactor success¬ 
fully at from 80 per cent to 110 per cent of normal voltage, and to 
stand 110 per cent voltage continuously without overheating; coils 
are impregnated in order to make them resistant to moisture 
and oil. 

(f) The sealing surfaces of the magnet core and armature 
should be kept clean. 

(g) The interlocks should be properly adjusted so as to make 
contact at the correct point; care should be exercised that both in 
and out interlocks on the same contactor do not make contact at 
the same time. 

(h) After the locomotive has been run, an inspection can be 
made immediately upon shutdown of contactor condition by feeling 
the temperatures of the contacts and interlocks by hand. The 
warmer ones should be adjusted. This same method of inspection 
can be applied to other contacts. 

( i) The pull-in voltage of the contactor should be determined 
at overhaul and the contactor set to pull-in at 80 per cent of normal 
voltage. 

(j) Faulty or erratic operation may occur due to too high a 
pull-in voltage or binding at bearing or other points. 
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STORAGE BATTER!ES. MAINTENANCE 
AND OPERATION 

It is important to adjust the voltage regulator to maintain a 
fully charged battery and at the same time not to over charge it. 
Since the correct voltage regulator setting to use depends on the 
working schedule of the locomotive and control adjustment, the 
following table may be used for the initial adjustment. (Locomo¬ 
tives using a 56-cell battery are normally delivered with the voltage 
regulator set at 125 volts.) 

OPERATING SCHEDULE 
TOTAL TIME ENGINE RUNNING 

12-16 hrs. 16-20 hrs. 20-40 hrs. 

Voltage Regulator Setting. 2.32-2.30 2.30-2.27 2.27-2.25 

(Volts Per Cell) 

Example: 

56 Cell Battery. 130-129 129-127 127-124.5 

Correct charging will keep the battery in a well charged con¬ 
dition daily and provide maximum battery life. The following in¬ 
structions explain how to determine when the battery is being 
charged properly and adjustments to make for any necessary cor¬ 
rections. 

The battery nonnally requires not over % inch of water addition 
per cell each month. If more water is required and the battery 
maintains full charged gravity, it indicates that the battery is re¬ 
ceiving too much charge and the voltage regulator should be 
lowered /2 to 1 volt. When the battery temperature is 15°F. above 
the surrounding temperatures and the gravity is maintained at 
maximum, it is a definite indication that the regulator voltage may 
be reduced. 

If the battery operates with the specific gravity below that 
indicated in the following table, then the voltage regulator should 
be increased. 

TABLE FOR A 1.280 FULLY CHARGED SPECIFIC GRAVITY BATTERY 

(Maximum) 

Fully Charged Specific Gravity Range 

Reading When New to be Maintained 

77°F.-1.275 to 1.285.Maximum to minus 30 points 

32°F.—1.290 to 1.300.Maximum to minus 10 points 

0°F.-1.300 to 1.310.Maximum to minus 10 points 
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Note: The Density of the battery electrolyte increases as the 
temperature decreases. 

The engine running time period referred to in the table is 
considered that time during which the speed of the auxiliary 
generator is sufficient to maintain the required voltage to have it 
connected to the battery circuit. The voltage for an auxiliary 
generator required to maintain a battery charged will vary depend¬ 
ing upon the number of hours a day that the auxiliary generator 
is operating at a speed sujfiicient to maintain a voltage equal to or 
above the battery voltage, and the main generator is supplying the 
energy to the connected load. Because of the effect of temperatures 
below 40°F., use a regulator setting for the auxiliary generator 10 
volts higher than that used for normal temperature conditions. 

The specific gravity of the battery electrolyte may be used as 
a guide to keep the battery in a fully charged condition. The fol¬ 
lowing table indicates the maximum specific gravity ranges at 
several temperatures. 

TABLE OF FREEZING POINTS OF BATTERY 


Specific Gravity 

Freezing Point 

1100. 

. 19°F. 

1125. 

. 13°F. 

1150. 

. 5°F. 

1175. 

. -4°F. 

1200. 

. -16°F. 

1225. 

—35°F. 

1250. 

. -62°F. 

1275. 

. -85°F. 


The term maximum specific gravity refers to the fully charged 
specific gravity. This maximum value may decrease with age, the 
amount of decrease varying and depending upon the care taken 
when adding water to the cells. Overflushing when adding water 
causes a reduction in fully charged specific gravity (a battery will 
remain dry on top when water additions are properly made). 

Water Additions. Water that has been approved for battery 
service should be added at least once a month, or before level 
lowers to splash cover. Do not add higher than Is inch below bottom 
of filling tube. 

Cleanliness. Vent plugs should always be replaced securely 
after each water addition. Keep written record of water additions. 
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Keep the battery dry and clean. Have vent plugs in place at 
all times. Check tightness of the bolted connections. 

Readings and Records. Following the customary practice of 
taking daily hydrometer readings is recommended. This provides 



NOTE: 

ELECTRICAL CLEARANCE TO 
GROUND OR ADJACENT LIVE PARTS 


TYPE 

POSITION 
or TERM CLIPS 

UMJ- 34-A 

R.H. 

L,H 


2 

UMJ-I34-A 


2 

UMJ-234-A 


2 

UMJ-334-A 


2 


Fig. 25. Field Control Contactors 


a means of detecting faulty charging conditions and maintaining 
continuity of service. Care should be exercised not to spill or lose 
acid when taking readings. Check voltage regulator periodically. 

Annual Inspection. At least once each year, or after reported 
battery trouble, carry out the following instructions: 

(A) Add water % inch below bottom of filling tube. 
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(B) Charge battery at finishing rate and continue charge until 
the specific gravity of the lowest reading coil will rise no higher 
when the reading is taken once every two hours. 

(C) When charge is complete, but before taking off charge, 
read and record the voltage of each cell. Then stop the charge. Five 
minutes later record the specific gravity and temperature of each 
cell. 

(D) Battery should be removed from service and shopped if: 

(1) The specific gravity of any cell reads 40 points lower 
than the highest. 

(2) The average specific gravity of all cells is 15 points 
below normal. 

(3) The voltage of any cell is 0.10 volt below the average. 
The temperature of any cell is 10° F. above the 
average. 

Yard Charging. Yard charging should not be necessary if the 
charging equipment is kept properly adjusted. Should an emergency 
make yard charging necessary, use a rate approximately three times 
the finishing rate and stop charge when cells start to gas. 

MtSCELLANEOUS CONTROL DETAILS 

Master Controller Description. The master controller con¬ 
tains a single lever which is used for selecting the direction of loco¬ 
motive movement as well as selecting the motor connections. 

The lever operates an insulated drum on which are mounted 
small copper segments. Stationary fingers mounted on insulated 
supports on the controller base make contact with the drum coils 
of the switches and control devices. 

The controller is provided with a magnetic lock which prevents 
movement of the lever from off to the operating positions or return 
unless the coil is de-energized. The coil is energized by the manual 
engine throttle lever switch when the throttle is in the running 
position. 

The controller should be examined at regular inspection periods 
to make sure that the connections are tight and that the fingers are 
making good contact. The fingers should give approximately lYi 
to 3 pounds pressure on the drum segments. Since the fingers are of 
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the compensated type with fixed springs to control the pressure, no 
adjustment is needed. 

The drum segments should be kept clean and occasionally a few 
drops of oil should be spread over their surfaces and wiped off 
with a clean cloth. Do not use more oil than is necessary to keep the 
segments from cutting. 

The bearings and other working surfaces should be lubricated 
occasionally with a few drops of light machine oil. 



The magnetic lock should be examined periodically to insure 
that all bearing surfaces are free from binding. The bearings should 
not be oiled. Check the coil for tight connections. 

Close the armature by hand and set air gap between the stop 
and armature to 6 inch. Bend stop if necessary. Adjust spring so 
that armature seals on 70% normal voltage on the coil. 

Field Shunt Relays. These relay panels consist of either two 
relays and two resistor tubes on an insulating base or one relay and 
a resistor tube on a base. The relays are exactly alike in mechanical 
details and coils, but they may be adjusted to operate at difficult 
voltages. The correct operating voltages are indicated on the wiring 
diagram, Fig. 37. Each coil is connected in series with one of the 
resistor tubes. 
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The relay is a clapper type device mounted on hardened pivot 
bearings which are covered by a felt washer to exclude dust and 
dirt. 

The pivot points are used to minimize friction and a counter¬ 
weight is attached to the armature to balance the moving parts and 
minimize the efiFect of vibration. The moving and stationary con¬ 
tacts have contacts with silver tips. 

These relays are adjusted to two voltages. One is the so-called 
pickup voltage which is the voltage at which the coil overcomes the 
pull of the spring and pulls in the armature. The other voltage is 
the dropout which is the voltage at which the tension of the spring 
overcomes tlie pull of the coil and pulls the armature back away 
from the coil. 

Three adjustments aie required to calibrate these relays. One 
is the tension of the spring, the second is the air gap when the relay 
is closed, the third is the air gap when the relay is open or de-ener- 
gized. These adjustments have been made at the factory and should 
not need to be changed. These adjustments have all been soldered 
so that the vibration on the locomotive will not change them. 

The effect on the pickup and dropout voltages of the three ad¬ 
justments are as follows: 

(a) Increasing the tension of the spring raises both the pickup 
and dropout voltages. Decreasing the tension lowers both the pick¬ 
up and dropout voltages, 

(b) With the relay de-energized, increasing the air gap (by 
means of the stop screw) raises the pickup voltage and does not 
affect the dropout. Decreasing this air gap lowers the pickup voltage 
without affecting the dropout. 

(c) With the relay picked up, decreasing the air gap (by 
means of the residual screw) lowers the dropout voltage without 
affecting the pickup. IncTeasing this air gap raises the dropout 
voltage without affecting pickup. 

Another adjustment (which may or may not be used) is the 
jumper on the resistor tube, but this adjustment is determined at the 
factory and must not be changed. If a new resistor tube is installed, 
care should be taken that it be assembled with the identification 
band at the lower end of the relay panel and the position of the 
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jumper on the old tube should be noted. After replacing with a 
new tube the jumper should be installed on the tap corresponding 
to the tap on the old tube. 

If possible the relay panel should be removed to a bench with 
a source of variable voltage with a range covering the pickup and 



dropout voltages. It is possible to adjust these relays on the loco¬ 
motive if the circuit to the traction motors is broken, or it may be 
possible to adjust them while the locomotive is in operation. 

Maintain the pickup and dropout voltages shown on the wiring 
diagram, Fig. 37, by changing the proper adjustment. This will only 
be required at infrequent intervals provided the adjustments are 
re-soldered to prevent locomotive vibration from affecting them. 
The fingers should be kept in adjustment as they wear. The fingers 
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should deflect 146 when in contact with their studs. The air 
gap between finger and contact stud should not be less than %2 inch 
and the relay should not float either in or out. 

Miscellaneous Switches and Fuses. All hand switches and 
fuses should be inspected regularly to cover the following: 

(1) Switch jaws, fuses and fuse clips making good contact. 

(2) Leads firmly soldered, terminals and bolts tight. 

(3) Panels or bases clean, free from oil and dust. 

(4) Correct fuses in use, spare fuses available, and auxiliary 
apparatus tested if one fuse blows frequently. 

(5) Any springs correctly in place and operating. 

(6) Apparatus tested for proper operation. 

(7) Contacts clean and smooth. 

This inspection should cover all items such as control and mis¬ 
cellaneous switches and fuses, traction motor cutout switches. 

Knife Switches. Manually operated knife switches are used 
in the battery and motor cutout circuits. 

These switches require little attention. Switch jaws should 
be inspected periodically to insure good contact. All leads should 
be firmly soldered in the connectors, and connector bolts kept tight. 

Push Button Box. Push buttons compactly housed in a small 
box are used for controlling various lighting and auxiliary circuits. 
Each circuit carries only control voltage and is fused separately 
within the box. To facilitate inspection of contacts and renewal of 
fuses, the entire interior of the box is exposed when the hinged cover 
forming the front of the box is opened. 

Copper contact bars are carried on movable insulating blocks 
and each bar makes contact with a pair of stationary compensated 
type fingers. The contact pressure should be between I /2 and 3 
pounds per finger. For inspection and maintenance instructions see 
following section on interlocks. 

VOLTAGE REGULATOR. The voltage regulator is of the 
vibrating type. It consists of a voltage relay element which varies 
the auxiliary generator shunt field current to hold constant voltage 
on the auxiliary circuits regardless of engine speed and auxiliary 
load and a current-limiting relay element which prevents over¬ 
loading the auxiliary generator. 
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Description of Voltage Element. The relay consists of a pow¬ 
erful magnetic circuit which is excited by a stationary and a moving 
coil. The moving element is mounted upon knife edges and oper¬ 
ates against a spring in tension. The relay is energized when the 
correct operating current flows through its coils and the moving 
contacts are actuated in the direction opposite to the pull of the 
spring. 

Reference to the schematic wiring diagram, Fig. 37, will indi¬ 
cate the connections of the resistors used in conjunction with the 
regulator. When the engine is not running, the regulator spring 
holds the moving contacts against the right-hand stationary con¬ 
tacts. This causes the resistor in series with the generator field to 
be paralleled by the resistors in series with the right-hand contacts. 

If the engine is started and brought up to idling speed, the 
voltage of the generator increases to the value for which the regu¬ 
lator is adjusted. When this occurs the magnetic pull of the regu¬ 
lator coils overcomes the spring tension and the moving contact 
swings away from the right-hand contacts. This breaks the current 
flowing through their resistors and lowers the generator field cur¬ 
rent, thus lowering the generator voltage slightly. The magnetic 
pull of the regulator coils is weakened and the spring again closes 
the contacts. This vibrating action is rapid enough so that no flicker 
will occur in the lights. In order to maintain rapid vibration, a small 
resistor tube mounted on end on the regulator panel is so connected 
that each time the right-hand contacts make circuit the voltage ap¬ 
plied to the regulator coil is raised slightly. The magnetic pull thus 
overcomes the spring tension immediately so that no noticeable 
change in generator voltage appears. The rate of vibration is fixed 
by the resistor value and is not adjustable. 

As the engine speed is increased the auxiliary generator voltage 
tends to rise. This increases the magnetic pull of the regulator coils 
so that the moving contacts are forced against the left-hand station¬ 
ary contacts. The resistors in series with these contacts are there¬ 
fore connected in parallel with the generator field and shunt some 
of the current out of the field circuit. This tends to lower the gen¬ 
erator voltage, weakening the coil magnetic pull so that the spring 
pulls the contacts open. The moving contacts vibrate on the left- 



182 DIESEL LOCOMOTIVES-ELECTRICAL EQUIPMENT 

hand contacts. When the left-hand contacts are closed the small 
resistor on the regulator panel shunts a little current out of the 
regulator coils, thus weakening the magnetic pull. 




The moving contacts therefore vibrate on one or the other sets 
of stationary contacts depending on the speed and load on the 
auxiliary generator. The intermittent operation or vibration of the 
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moving contacts is evidenced by light sparking at the contact sur¬ 
faces, and it is audible at close proximity to the regulator. 

Mainl'enance of Volfage Elemenf*. The sparking is fundamen¬ 
tally normal and will in time produce slight pitting on the graphite 
contact surfaces. 

The normal contact gap is %2 inch measured at the bottom of 
the contacts. Contacts that have worn so that the pointer on the 
moving coil approaches the limit lines should be adjusted. Mark the 
stationary contact with reference to the moving contact. Loosen 
the lock nut on the contact holding screw. Rotate the stationary 
contact the required number of full turns so that contact surfaces 
meet as before adjustment. Tighten lock nut. Explicit instruc¬ 
tions for contact adjustment are on the plate attached to the regu¬ 
lator frame. 

When new graphite contacts are installed, they should be care¬ 
fully sanded to insure a good contact surface over the entire face. 
Use a strip of 00 sandpaper between the two surfaces while pressing 
the contacts lightly together. 

Caution. Unnecessary and excessive contact sanding will only 
shorten the useful life of the contact and require more frequent 
renewal. 

The moving contact should be replaced when the worn surface 
reaches the edge of the groove at the center of the contact. The 
stationary contact should be replaced when the worn surface is 
within of tho brass cylinder in the contact. The silver contact 
faces should be trued up when badly pitted. This will be required 
infrequently. 

If it should be necessary to replace one of the regulator coils, 
the regulator panel should be removed from the main panel and the 
work done on a work bench where the renewal of parts can be 
facilitated under adequate and suitable conditions. 

When dismantling the moving coil from the relay, care should 
be exercised not to damage the knife edges upon which the moving 
coil rocks in the V-blocks mounted on the main relay frame. 

Any damage to the knife-edge will produce friction which will 
retard the motion of the moving coil and may seriously interfere 
with the sensitivity and proper operation of the regulator. 



184 DIESEL LOCOMOTIVES-ELECTRICAL EQUIPMENT 

Damaged knife edges should be replaced with new ones rather 
than an attempt made to repair old ones. 

Before reassembling the moving coil in the frame, the knife 
edges and V-blocks should be cleaned thoroughly to eliminate any 
dirt which may have collected. 

After installing a new coil, its polarity should be checked by 
applying approximately 10 volts across the two coils connected in 
series. If the polarity is correct, the moving coil will pull toward the 
stationary coil, causing the moving contact to move to the left. 

Caution. This test should not be made unless all external con¬ 
nections to this relay have been disconnected. 

If the moving coil moves in the wrong direction, the two flexible 
leads of the stationary coil should be reversed and the test repeated 
to check. 

To set the regulator on the bench, pass 2 amperes through the 
moving and stationary coils in series. Adjust the spring as close as 
possible, to the point where the moving contact floats, by means of 
the screw at the right-hand end of the spring. This spring must not 
be used to change the regulated voltage. 

Voltage Adjustment. The regulator coils are connected in 
series with two non-adjustable resistor units and a small rheostat. 
This rheostat was adjusted to give the proper regulated voltage on 
the auxiliary generator and adjustment should not be changed by 
unauthorized persons. 

Caution. Always check the regulated voltage of the auxiliary 
generator after making changes in regulators, and adjust the voltage 
by means of a rheostat and not by a spring tension. 

Condensers. The regulator must not be operated without hav¬ 
ing a condenser across its contacts. These condensers are located 
on the back of the regulator panel. 

Under proper operating conditions, there should be no heavy 
flashing or arcing at the contacts. If arcing is excessive, there is an 
open circuit probably in the condensers or the wires leading to them. 
If no change of field* current occurs when the contacts open, the 
condenser is probably short-circuited. 

Current-Limiting Element. In order to allow the auxiliary 
generator to deliver full current output and yet not be overloaded 
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by excessive load demands, a current-limiting relay element is pro¬ 
vided as a part of the voltage regulator. This consists of a cast 
frame with regulating element. The stationary coil partially is 
strap-wound and carries the output current of the auxiliary gen- 
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Fig, 29. Relay Panel Outline 


erator. The moving coil is connected in series with the voltage 
element coils and a part of the current limiting element stationary 
coil. Thus the moving coil and a part of the stationary coil always 
carries two amperes only. The strap-wound part of the stationary 
coil is in series with the auxiliary generator armature. The pull on 
die moving coil is therefore a function of the auxiliary generator 
current. 

The current element has no contacts. However, its moving coil 
arm carries a spring and rod arrangement with which it may exert 
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pressure on the moving coil arm of the voltage element. Normally 
the current moving coil is held out against a stop by its calibrating 
spring. When the output current exceeds the value for which the 
element is calibrated, the pull of the coils overcomes the pull of the 
spring and the moving coil moves over until the rod presses on the 
voltage element contact arm. Thereafter, a slight increase in cur¬ 
rent produces a sharp decrease in auxiliary generator voltage. 
Since this generator operates in parallel with a battery, a reduction 
in generator voltage reduces the current which must be delivered 
by the generator. In effect, therefore, the maximum output current 
which can be delivered is governed by the spring tension of the 
current element. 

Maintenance of Current-Limiting Element. General mainte¬ 
nance instructions are the same as those for the voltage element. 
There should be a gap of % inch between the rod on the current 
element and the voltage element moving coil arm when the current 
element is out against its stop and the regulator moving contact is 
against the right-hand stationary contact. This adjustment is made 
by means of the nuts on the rod. Move both nuts the same number 
of turns in the same direction to maintain spring tension. 

The current element can best be calibrated with the regulator 
installed and wired. Load the auxiliary generator up until it deliv 
ers its rated current through the strap-wound coil with the regulator 
in operation. Adjust the current element calibrating spring until the 
current moving coil rod just touches the voltage moving coil arm. 

INTERLOCKS. An interlock is an auxiliary switch, mounted 
on a main circuit electro-pneumatic switch or electro-magnetic con¬ 
tactor, which establishes or disconnects a control circuit at the time 
of operation of its particular switch. There are two general classes 
the in interlock, which completes a control circuit when the main 
contacts of the switch are closed; and the out interlock which estab¬ 
lishes a control circuit when the main contacts are opened. A single 
main switch or contactor can be equipped with in interlocks, out 
interlocks or a combination of both depending on the sequence 
required. 

There are three general types, the Butt Type commonly used 
on magnetic contactors and the Sliding Type and Cam Type usu- 
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ally used on pneumatic switches. With the butt type a small metal 
arm is attached to the armature of the switch. The arm actuates a 
pivoted insulated block on which are mounted spring supported 
contacts. As the switch operates, the contacts bridge the control 
terminals and thus establish the circuit. With the sliding type, 
the control wires are terminated at compensated fingers mounted on 



the base of the switch. An insulated block, which carries small 
conducting segments, is attached to the piston arm of the switch. As 
the switch operates the segment slides under two fingers to complete 
the circuit. With the cam type, the control wires are terminated at 
the stationary and spring fingers mounted on the base of the switch. 
A block attached to the piston arm carries small cams. As the switch 
operates, the cams close or open the spring fingers to make or break 
the circuit to the stationary fingers. 

Interlocks have a very important function in the overall per¬ 
formance of the apparatus. The failure of an important interlock is 
suflBcient to prevent operation. Trouble can be avoided by periodic 
inspection. 
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Inspection. The following examination of the interlocks should 
be made at inspection periods: 

(1) See that the control terminals are tight. 

(2) See that the interlock contacts are clean and not worn or 
burned. 



BUTTON 

NAME PLATE READING 

TYPE OF BUTTON 

FUSE RA TING\ 

/ 

BLANK 

SPRING RETURN 

15 

AMPS, 

2 

FUEL PUMP 

NON SPRING RETURN 

15 

AMPS. 

3 

EXCITER FIELD 

NqNSPRING_RE TURN^ 

15 

AMPS. 

4 

ENGINE START 

_ SPRING RETURN _ 

15 

A MPS. 

5 

CONTROL 

NON SPRUNG RETURN 

15 

AMPS. 


Fig. 31. Control Push Button Box Outline 


(3) See that there is a deflection of the spring in the interlock 
finger or bar when the contact is made. 

(a) On the butt type this can be obtained by adjustment 
of the length of the interlock arm, 

(b) On the sliding type this can be accomplished by 
putting a slight set in the finger. 

^ c) On the cam type this can be accomplished by adjust¬ 
ment of the gap between fingers. This should nor¬ 
mally be % inch vdien open. 
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TYPE M RESISTORS. Type M resistors are used in the cir¬ 
cuits where large resistor capacity is required. This resistor is built 
of tubular units having steel center supports insulated by sections 
of porcelain. A resistance ribbon is wound edgewise in the form of 
a helix about the sections of porcelain. The units are mounted on 
insulated tie rods supported on a strap steel frame. Each unit may 
be removed easily without disturbing any of the other units. 

The resistors limit the amount of current flow through the 
respective circuits and thus have an important part in the overall 
performance of the equipment. Electrical characteristics of the 
equipment can be upset by the adjustment of a resistor in an 
important circuit. All resistance values are properly adjusted when 
the unit is first put in service. Adjustments should only be made 
by one who is thoroughly familiar with the performance of the com¬ 
plete equipment. 

At light and heavy inspections the complete resistor assembly 
should be examined for broken porcelains and resistance ribbons. 
Check that all connections are tight and properly made and that 
the resistance ribbon is properly and securely clamped in the end 
terminals. The mounting insulators and frame tenninal bar should 
be cleaned. 

At general overhauls, in addition to the above inspections, the 
mounting bolts should be tightened and the insulating terminal bar 
should be cleaned, then painted with insulating varnish. 

When replacing a resistor tube, care should be taken to have tlie 
terminal clamps and resistor ribbon clean, smooth and bright before 
making connections. It is preferable to use new terminal clamps 
when replacing the tubes. 

CONTROL RESISTORS. The control resistors, which carry 
only low values of current, consist of resistance wire wound on 
tubes. The tubes are of various ohmic values as specified on the 
wiring diagram. Fig. 37. 

The control resistors also have an important function in the 
overall operation of tlie electrical apparatus. The characteristics 
of the equipment can be disturbed by changing the values of the 
control resistors in important circuits. The resistors are properly 
adjusted when the equipment is first placed in service and should 
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not be tampered with. Adjustment should be made only by one who 
is thoroughly familiar with the performance of the complete equip¬ 
ment. 

At light and heavy inspections the resistor panel should be 
examined carefully for loose connections. The resistor tubes should 
be taken from the panel and checked for broken or open circuited 

4 MOUNTING HOLES 
FOR f"BOL TS-PANEL 
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NOTE:- 
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Fig. 32. Regulator Outline 


tubes. Care should be exercised in replacing the tubes and making 
the proper connections. 

Replace broken or damaged tubes only with tubes having 
identical style number. 

THROTTLE TOGGLE SWITCH. This switch is controlled by 
the lever which operates the engine throttle valve in such a way 
that the first movement of the throttle from the idle position closes 
run contacts, establishing circuits to the reverse drum through 
which the traction motor contactors and main generator contactors 
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are energized. The run contacts remain closed until the throttle is 
returned to the idle position. 

The throttle switch should be cleaned and inspected for loose 
terminals, poor contacts and broken springs at regular inspection 
periods. 

The opening and closing of the switch should also be checked 
to insure that it pulls in before the engine speeds above idling. 

The cover should be removed and the spring action checked for 
quickness of action. 



REVERSE CURRENT RELAY 

DescripHon and Operation. The reverse current relay is of 
the electro-dynamic type, ruggedly designed for railway service and 
fulfilling the requirements of extreme sensitivity and quick response. 

The fundamental details of this relay are shown in Fig. 33. 
The relay uses a stationary coil which produces a strong magnetic 
field in the annular air gap. The moving coil which is fastened to 
the armature lies in the flux from the stationary coil. This flux fol¬ 
lows the path shown by the arrows. The pull on the moving coil is 
proportional to the product of the current in the moving coil and 
the flux produced by the stationary coil. The air gap is suflBciently 
large to allow the moving coil to move within a field of uniform 
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strength, thus giving a pull which is independent of the coil position 
as long as the relay coil is adjusted to the proper operating range. 

The armature is free to move about hardened tool steel pivot 
bearings which minimize friction and wear. On the upper end of 
the armature are mounted a contact, which makes when the moving 
coil is in as far as possible, a holding coil which prevents chattering 
and a contact which makes when the moving coil is out as far as 
possible. 

The function of the relay is to close its contacts at the correct 
time to complete a circuit through the operating coil of the reverse 
current switch A, Fig. 34, which in turn closes the circuit connecting 
the auxiliary generator to the battery for charging. See wiring dia¬ 
gram, Fig. 34. Also when the plant is shut down it is the duty of the 
reverse current relay to open its contacts and open the circuit 
through the operating coil of the reverse current switch A and dis¬ 
connect tlie auxiliary generator from the battery. 

With the stationary coil energized and the current flowing in 
one direction in the moving coil the armature will move in one 
direction. If the current is reversed in the moving coil, the coil will 
move in the other direction. The moving coil is wound in two sec¬ 
tions, one is a winding of a few turns of heavy wire and is con¬ 
nected across the relay shunt; the other is a winding of many turns 
of fine wire which is connected in series with a resistor across the 
contacts of the reverse current switch A, Fig. 34. The stationary 
coil is connected across the battery and furnishes the excitation. 

When the auxiliary generator voltage is lower tlian the battery 
voltage, the difference between these two voltages is impressed on 
the moving coil with such polarity as to produce a force on the coil 
to move it out away from tlie stationary coil and keep the contacts 
in the circuit to the operating coil of switch A, Fig. 34, open and 
prevent the closing of the switch. 

When the voltage of the auxiliary generator rises slightly above 
that of the battery, the voltage across the moving coil is in the 
opposite direction, the force on the operating coil of switch A. This 
closes switch A and connects the auxiliary generator to the battery. 
When switch A closes, it short circuits the fine wire or shunt wind¬ 
ing on the moving coil and at the same time the main current pro- 
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duced by the auxiliary generator flows through the relay shunt to 
the battery. A portion of tlie main current goes through the heavy 
wire of series section of the moving coil, since it is connected across 
the shunt. 

The magnetic eflFect of this current in the series section of the 
moving coil, with the pull of the holding magnet, holds the con¬ 
tacts closed. The coil of the holding magnet is connected in series 



Fij?. 34. Reverse Current Relay Wiring Diagram 


with the operating coil of switch A; it only operates when tlie con¬ 
tacts are closed and attempts to keep the contacts closed. 

When the auxiliary generator voltage decreases to less than the 
battery voltage the current in the moving coil reverses and opposes 
the pull of the holding magnet and produces the force necessary to 
open the contacts and open switch A. This disconnects the auxiliary 
generator from the battery. The above features make the relay posi¬ 
tive in action under all conditions of operation. 

inspection and Adjustment. Tighten all bolts, nuts, and 
screws. If electrical connections are discolored and burned remove 
the terminal screws, smooth and polish the contact surfaces and 
reassemble. 

(A) Check pivot bearing end play. This should not exceed 
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%4 inch and relay armature should operate freely. Do not oil or 
grease pivot bearings. 

(B) Set balance weight so that relay armature floats to the 
front contact open position. 

(C) Adjust back contact until calibration pointer and mark 
coincide. 

(D) Adjust front contact gap to inch by adjusting front 
moving contact. 



» 7 

-SPACE REQUIRED TO REMOVE 
MOV/NG CO/L AND ARMATURE 


Fig, 35. Reverse Current Outluu 


(E) With the stationary coil across the battery, adjust the bal¬ 
ance weight so that tlie relay closes its front contacts when a diflFer- 
ential of 1 to 3 volts exists across the moving coil terminal (6 and 9). 
To lower the differential cut-in voltage, move the balance weight 
out. To raise the differential cut-in voltage, move the balance 
weight in. 

(F) Set the armature holding coil gap so that 15 to 40 amperes 
reverse current from the battery through the relay main shunt will 
cause the relay to open its contacts while .45 to .5 amps, is passed 
through the holding coil. Turning the holding coil air gap screw 
in will lower the reverse current cutout value. To raise the cutout 
value, back the screw out. Tighten lock nut. 
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If correctly installed the carbonstat and regulating valve should 
require no attention other than periodic examinations for loose con¬ 
nections and leaks. If this device is suspected to be air bound or 
if it has been disconnected from the engine, the following instruc¬ 
tions for reassembling are important. 

1. Pipe carbonstat and valve as shown in Fig. 36. 

2. Set Bosch fuel injection pumps as closely as possible to full 
load position. Adjust governor lever on governor lever bushing so 
that valve stem is lifted %2 when pumps are in full load position. 

3. Remove pipe plug No. 8 and make sure that the hole in the 
compensating sleeve lines up with the hole in the valve body. 

4. Make sure that the governor arm plunger does not move 
until the valve stem is stopped by the adjusting plate. If plunger 
does move, adjust spring until movement is eliminated. (In this case 
repeat paragraph No. 2). 

5. Remove regulating valve cap and pipe plug No. 5 and open 
heating oil needle valve very gradually making sure that oil does 
not run out of top regulating valve. 

6. Remove pipe plug No. 6 and open compensating needle 
valve /8 turn from seated position. 

7. At the top of the regulating valve pour in oil until oil 
reaches top of sleeve. Next, remove vent plugs Nos. 2, 3, and 4 in 
carbonstat and pipe plug No. 7 in regulating valve until all air is 
bled off and oil runs out. During tliis process continually add oil 
suflBcient to maintain the oil level at top of sleeve. Thereafter the oil 
level is maintained automatically by the governor. 

8. Run Diesel engine at idling speed. Lifting valve stem by 
hand carefully loosen vent plug No. 1 in carbonstat and bleed off 
all air from the power cylinder. Care is advised because the oil 
pressure in this cylinder is at about 100 pounds. 

9. Connect an ammeter in series with the carbon pile and note 
that current reads: 

at least 4 amperes for a 6-cylinder engine 

or 5-6 amperes for an 8-cylinder engine 
Lift valve stem by hand and note that current drops to at least: 

1 ampere for a 6-cylinder engine 

2 amperes for an 8-cylinder engine 
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If these values are not obtained, the locomotive series resistor 
requires adjustment 

10. Connect a voltmeter across the carbon pile. Lift the valve 
stem by hand until voltmeter reaches 50 volts. Release and note the 
time required for the voltmeter to return to its original position. 
This interval should be between twenty and twenty-five seconds. 
If more time is required, close compensating needle valve (plug 
No. 6) very slightly. If less time is required, open valve slightly. 

11. Having obtained the correct setting, check the time re¬ 
quired for unloading the carbonstat by lifting the valve stem and 
noting the time required for the voltmeter to move to 50 volts. The 
time should be between five and ten seconds. If less, lower adjust¬ 
ing plate very gradually turn or less) and repeat this test until 
correct timing is obtained. Be careful not to jam the valve stem 
by cocking adjusting plate. If more time is required, raise adjust¬ 
ing plate in similar fashion. 

12. Before proceeding further, be sure that the Diesel engine 
is in good operating condition. Be particularly sure that no exhaust 
smoke is present. 

After the electrical setting has been made, as described above, 
it is necessary to synchronize the regulating valve with the engine 
load. This can best be accomplished by loading the engine with a 
water rheostat. Using this method, the engine should be run at full 
speed and the generator voltage plotted against generator current. 
The resulting curve should correspond to the performance curve 
shown in Fig. 2 of this chapter. If the test curve falls below the 
standard curve, the engine is underloaded. Additional evidence of 
this condition will be indicated by the fuel rack not opening to the 
normal full load position. To correct this, move the governor arm 
on the governor arm bushing in a clockwise direction. Adjust the 
governor arm very gradually. If the test curve is above standard, 
move the governor arm in a counterclockwise direction. 

If a water rheostat is not available, it is possible to substitute a 
train in order to load the engine. If this method is used, the train 
load must be suflBcient to register on the load ammeter: 

at least 800 amperes for a 6-cylinder engine 
at least 1000 amperes for an 8-cylinder engine 
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With sufiBcient load registered on the load ammeter, read Ae 
generator voltage and current at Ae same time. They should cor¬ 
respond to Ae performance curve shown in Fig. 2 of this chapter. 
Variations from Ae standard curve may be compensated by Ae 
same meAod of adjustment as described above. 

When making a test by this meAod it is essential to use an 
accurate ammeter and voltmeter. An ammeter wiA a 100 millivolt 
full scale deflection can be connected to Ae shunt already installed 
in Ae locomotive. The voltmeter should be connected to G-j- and 
NN on Ae field shunting relay. 

Note: If Diesel engine hunts, the trouble will probably be located in the 
governor itself. However, hunting occasionally results from the presence of air 
in either the carbonstat or the regulating valve. Should this condition occur, 
bleed o£F air as described in paragraphs Nos. 7 and 8 of this section. 




Fig. 87. Wiring Diagram 
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Chapter VIII 


Electro-Motive Equipment 


This chapter covers the 600 and 1000 hp. switchers and prin¬ 
cipal features of the 2000 hp, passenger road locomotives. The 
1350 hp. freight unit is not shown, but it is similar to the 2000 bp* 
road units in some respects. (See Figs. 1 to 30, inclusive.) 

Transition (All Units Except 600 Hp.). This definition is 
inserted at this point so that the reader who is unfamiliar with this 
term will not be confused by its use in later pages. 

This term applies to the changing of the traction motor electri¬ 
cal connections from series to parallel or to shunt. This is done to 
obtain the desired tractive effort and speed within the voltage oper¬ 
ating limit of the generator. 

To obtain maximum tractive effort from the motors when the 
train is at low speed, they are connected in scries. As their speed 
increases, the generator voltage increases until the voltage (transi¬ 
tion) relay closes, operating the traction motor contactors, connect¬ 
ing the motors in parallel. This reduces the generator voltage. 

As the motor speed continues to increase, the generator voltage 
increases again closing the transition relay. The relay then operates 
the shunting contactors which connect resistors across the motor 
fields, lowering the generator voltage. If train speed continues to 
increase, the transition relay remains closed. 

When train speed decrease's, first the transition relay drops out, 
opening the shunting contactors. Further reduction in speed has no 
effect on the transition relay, so to bring the motors to their original 
connection (series) the throttle must be brought to idle. 

Refer to ‘'Motor Control” Plate, Fig. 3, for the electrical appa¬ 
ratus involved in transition. 

The following items refer in general to all units except where 
specified. 

Main Generator. Directly connected to the engine crankshaft 
through a flexible coupling, this supplies the electrical energy used 
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BATTERY 



A VOLT IS A UNIT OF ELBC?rRICAL 
FRESSUFE. THE HIGEBR THE ERSSSURE 
(VOLTAGE) OF A BAITIRY THE MORS 
CURRENT IT WILL FORCE THROUGH A 
WIRE, COIL, lAMP, CB OTHER DEVICE. 


BATTERY 



AMMETER 


THE AMPERE IS A UNIT OF THE AMOUNT 
OF CURRENT IN A CIRCUIT. CURRENT 
FLOWS FROM A SOURCE ON ONE WIRE 
AND FLOWS BACK ON ANOTHER. 


BATTERY^ 


LOAD> 



RESISTANCE (MEASURED IN QH»e) IS 
THE ••HOLDINO BACK” ^lAUTT OF A 
CIRCUIT. A CIRCUIT OF LOW RESIST¬ 
ANCE WILL ALLOW A LARGS CURRENT TO 
FLOW AND VICE VSiSA, 


AMMETER ^ RESISTANCE 


0 

BATTERY^ 


0 

-i 



WHEN OBJECTS ARE CONNECTED BO 
THAT TBS SAMS CURRENT FLOWP 
THROUGH ONE AFTER THE OTHER, 

THEI ARE IN SERIES. THE CURRENT 
IS THE SAME ANYWHERE IN THE 
CIBCUTT. 



WHEN OBJECTS ARE CONNICTSD 
ACROSS A SOURCE 80 TBAT TBS 
CURRENT IN EACB IS INDEPEND¬ 
ENT OF THE OTHER, THEY ARB Lv 
PARALLEL. TBB CURRENT YROM 
THE SOURCE IB THE TOTAL OF 
THE CURRENTS FLOWING TBROUGS 
ALL OBJECTS ACROSS THE LINE. 


BATTERY 



IF A DEVICE IS CONNECTED IN PARAL¬ 
LEL WITH SOME EQUIPMENT, THUS BY¬ 
PASSING A PORTION OF THE CURRENT 
WHICH WOULD OTHERWISE FLOW THROUGB 
THAT EQUIPMENT, IT IS IN SHUNT . 


MOTOR FIELD 


RESISTOR'^ 


EXPLANATION OF ELEMENTARY ELECTRICAL TERMS 


F’lg. 1 
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COMMON ELECTRICAL SYMBOLS 


— Illlll — 

BATTERY OF THREE CELLS 


CONTACTOR OR RELAY COIL 

MOTOR OR GENiRATOR FIEU) COIL 

BSBSii 

MOTOR OR GEKiRATOR ARMATURE 


FUB) RBISTOR 


VARIABLE RESISTOR 


LAMP BUIB 


RECEPTACLE OR ELECTRIC OUTLET 

Hi: 

PUSH BUTTON SWITCH WITH A SPRING RETURN 


SNAP OR TOGGLE SWITCH 

CONTACTOR MAIN CONTACT WITH BLOWOUT COIL 


SINGI£ POLE & DOUBLE POLE KNIFE SWITCHES 


NORMALLY OPEN INTBRLOCl!: 

NORMALLY CLOSED INTIRLOCK 

V/y AI^ETSK WITH SHUNT AHD VOUMETBP 

- fCXjO - 

FUSE 

1 y __ 

WIRES NOT' CONNECTED 

WIRES CONNECTED 

-tJ -U^ 


TIKFIZIATURB SWITCH 


TEBIMOCOUPLE 
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to move the locomotive. The main generator also serves to crank 
the Diesel engine for starting by the use of special starting fields 
energized from the battery. 

Auxiliary Generator. This 10 KW generator is belt-driven 
from the main generator and charges the battery. With the battery 
charging, the current exciting the main generator, running the fuel 
pump, operating the control equipment and the lights, is actually 
coming from the auxiliary generator. However, its primary pur¬ 
pose is as a charger and not as an exciter. 

Traction Motors. These four direct-current, roller bearing 
motors supply all of the power used to move the locomotive. The 
two motors in each truck are permanently connected in series. 

Isolating One Truck—1000 Hp. In re-railing a locomotive 
or in the event a traction motor becomes defective, one or both 
trucks can be isolated electrically by the motor cut-out switches 
mounted in the high voltage cabinet. 

MCOl is a double pole, double throw switch for isolating the 
No. 1 (front) truck, and MC02 is the same type of switch for isolat¬ 
ing the No. 2 (rear) truck. The normal position of the switch is up. 
To cut out a truck, the switch for that truck is thrown to the down 
position, the switch for the other truck being left in its normal posi¬ 
tion. When one or both of the switches is left, that is, not making 
contact with either the upper or lower contacts—the locomotive will 
be unable to move under its own power. Both switches should not 
be down. 

Any person throwing a motor cut-out switch should clearly 
understand that it is to be done in case of extreme necessity and 
that the locomotive must not handle any cars with a truck cut out. 
Do not operate in more than /2 throttle with a truck isolated. 

Traction Motors (600 Hp. Only). These four direct-current, 
roller bearing motors supply all of the power used to move the 
locomotive. The four motors are permanently connected in series. 

To Isolate the No. 1 Truck. Remove cable A1 at the line 
contactor and completely insulate the end of the cable with electri¬ 
cal insulating tape of some kind. Next, disconnect cable A3 from 
the reverser and connect it by means of a jumper cable to the bind¬ 
ing post on the line contactor where cable AI was connected. A 
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jumper cable approximately 4 or 5 feet long and capable of carry¬ 
ing main generator current will be required. 

To isolate the No, 2 Truck, Remove cable A3 from the re- 
verser and completely insulate the end of the cable with electrical 
insulating tape of some kind. Then connect a jumper cable—from 
the A3 binding post on the reverser to the A- binding post on the 
reverser. This will require a jumper cable about 18 inches long and 
capable of carrying main generator current. 

Warning. Isolating a truck should be done only in case of 
extreme necessity, such as where one truck is off the rails and it is 
necessary to use the other truck to help re-rail the locomotive, or 
where a traction motor is disabled and it is necessary for the loco¬ 
motive to travel to the round house or shop under its own power. 
Under no condition should the locomotive be allowed to do any 
switching or handling of cars with one truck cut out. The danger 
is that of ruining the other traction motors by overloading. 

Controller, The controller or control station contains the 
throttle handle and reversing handle. The throttle handle is con¬ 
nected mechanically to the engine governor, which in turn controls 
the speed of the engine. The reversing handle operates elective 
contacts which allow current to operate either the forward or reverse 
magnet valves on the reverser in the high voltage cabinet. There is 
no connection between the reversing handle and the reverser if the 
electrical circuit is open. See the wiring diagrams for details. 

Reverser. This air operated reversing switch changes the di¬ 
rection of flow of the current through the traction motor fields, thus 
causing the motors to rotate in the opposite direction. The direc¬ 
tion of current never reverses in the generator. 

Motors, Other Than Traction. Two small motors are used: 
one drives the fuel pump, the other the cab heater. They are similar 
in construction but differ in size. 

Traction Motor Contactors “Pr% “P2”, and “S”. These con¬ 
tactors change the traction motor connections from series to series- 
parallel or vice versa. These switches operate on air pressure 
through magnet valves. Be sure the arc chutes are securely in place 
at all times. (Used on 1000 hp. and 1350 hp. units.) 



PI S P2 SHUNT a BATTERY 

CONTACTOR CONTACTOR CONTACTOR FIELD CONTACTORS 



MOTOR CONTROL CIRCUIT 
1000 HP LOCOMOTIVES 






REVERSING 


I 




MOTOR CONTROL CIRCUIT 

600 HP. LOCOMOTIVES 
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Engine Starting Contactor. These contactors close when the 
engine start switch is closed, connecting the battery to the main 
generator, causing the generator to become a motor to crank the 
Diesel engine. Interlocks on these contactors prevent the generator 
from delivering power when the starting contactors are closed. 

Battery Charging Contactor. This contactor operated by the 
reverse current relay, closes to connect the battery to the auxiliaiy 
generator when its voltage is high enough to force current into the 
battery. 

Battery Field Contactor. This contactor connects the battery 
to the main generator battery field, through the load regulator. 

Generator Shunt Field Contactor. This contactor connects the 
generator shunt field to the generator armature, through the shunt 
field resistor. 

Reverse Current Relay. This relay prevents the battery cur¬ 
rent from motoring the auxiliary generator by opening the batteiy 
charging contactor when the auxiliary generator voltage drops below 
the battery voltage. 

Voltage Regulator. This maintains the output of the auxiliary 
generator at a constant voltage regardless of the speed of the engine 
or the gra\dty of the battery. This keeps the battery charged and 
provides a constant source of excitation for the main generator. 

The setting of the voltage regulator must be determined for 
each individual locomotive according to the service it is in. For the 
first few weeks after a new locomotive is put in service, the batteries 
should be checked at frequent intervals and the voltage regulator 
adjusted to maintain proper battery gravity of 1230 to 1250. Too 
low a setting will cause the battery voltage to drop and too 
high a setting will cause the batteries to gas. Experience has 
shown that the voltage regulator should be set at approximately 
74 volts. 

Current Limit' Relay. This relay is connected in series with 
the main generator output and operates when current in this line 
reaches 1550 amperes. The relay lights the wheel slip light indicat¬ 
ing that the engineer should close the throttle, bringing the motors 
to their series position. (Adjustment shown for 1000 hp. unit.) 
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Load Regulator and Pilot Valve Operation. The load regu¬ 
lator is the rheostat in series with the generator battery field which 
controls the load on the engine. 

Ground Protective Relay. If a ground occurs in the high volt- 
age system, the relay opens the battery, shunt field and traction 
motors contactors. If this happens, bring the engine to idle and reset 
the relay by pushing in on the insulated button provided for emer¬ 
gency. If the relay repeatedly opens when the engine speed is 
increased, proper authority should be notified at once. In extreme 
emergency, the locomotive may be operated with great caution by 
making the relay inoperative. To do this, open the knife switch 
located in the high voltage cabinet. This relay is very important to 
safe locomotive operation and its function must not be abused. 

Wheel Slip Relay. This relay operates when a wheel slips 
with power on, because one of its two solenoids becomes energized 
and pulls on the contact armature. 

When the relay operates it flashes the wheel slip light and 
opens the generator field contactors, causing the wheels to stop 
slipping. The relay then drops back, closing the generator field con¬ 
tactors which may cause the wheels to slip again. Therefore, the 
wheel slip light will flash intermittently in contrast to the generator 
overload indication which is a steady glowing of the wheel slip 
light. 

Throttle Switch. This switch opens the generator shunt and 
battery field circuits when the throttle is at idle. 

Lighting and Control Switches. These are the pushbutton 
switches. The lighting switch box, above the sanding valve in the 
cab, contains the following circuits: 

Headlight Front (Dim) Number Lights 

Headlight Rear (Dim) Gauge Lights 

Cab Lights 

The control switch box on the control stand contains the follow¬ 
ing circuits: 

Control Fuel Pump 

Generator Field Engine Start 


Cab Heater 




STARTING CIRCUIT 
1000 HP. LOCOMOTIVES 




REVERSING HANDLE 
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STARTING CIRCUIT 
K) HP. LOCOMOTIVES 
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Main Baffery Switch. This isolates all circuits from the bat¬ 
tery except the battery neutral wire and the external charging recep¬ 
tacle. Keep the blades lubricated with a thin film of petroleum jelly 
so that the switch can be operated easily. 

Ground Relay Switch. This opens the circuit to the operating 
coil of the ground relay. See paragraph on '‘Ground Protective 
Relay.” 

Headlight Control Switch. This switch located above the 
sanding valve operates either headlight to make it bright or medium. 
Only one light is affected at a time. The headlight push-button 
switches over the sanding valve also must be operated. The push¬ 
button switches turn the headlights on the dim position. 

Oil Shut-Down Magnet Valve. This valve dumps the oil 
from the oil shut-down cylinder in the event the piston cooling low 
oil pressure switch closes, thus bringing the engine to idle. 

Battery. The locomotive storage battery has 32 cells. Gravity 
should be checked once weekly and should be between 1230 and 
1250. Use only distilled water to fill the battery and keep water 
level up to I inch above top of plates. Be careful not to get any of 
the battery fluid on yourself or the battery. This is sulphuric acid, 
and is extremely corrosive. To counteract the acid should it 
splash on clothing, put a strong solution of baking soda and water 
on the area affected. Do not use water only to wash off acid. 

Keep the battery terminals covered with a thin film of petrole¬ 
um jelly to prevent corrosion from the battery vapors. 

Inspect the cells through the filler holes after the engine has 
been running continually for some time. Violent bubbling should 
be reported. If the battery requires more than just a small quantity 
of water, report this to the maintainer. If the battery is being 
overcharged, it will boil off the water, become overheated and even 
become short-circuited internally. 

Battery Charging Resistor. Connected in series with the out¬ 
put of the auxiliary generator, this resistor prevents overload to the 
auxiliary generator (too high a charging rate). The voltage regu¬ 
lator is not a current regulator, so in the event the battery was dis¬ 
charged or internally short-circuited, this resistor prevents a burn- 
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out of the auxiliary generator, if the current is not suiEcient to bum 
out the auxiliary generator fuse. 

Shunt Field Resistor. These tubes are connected in series with 
the generator shunt field. They simply limit the shunt field current. 
No adjustment is necessary. 

Shunt Field Discharge Resistor. This resistor is shorted out 
when the shunt field contactor is closed. It prevents burning of the 
shunt field contactor contacts or damage to the generator due to 
the high inductive voltage which might otherwise occur if the con¬ 
tactor was opened with the generator mnning at top speed. 

Battery Field Discharge Resistor. This resistor shunts the 
main generator battery field to prevent high voltage induction when 
the battery circuit to the field is opened. 

Lamp Series Resistors. In series with the number light and 
wheel slip light, these resistors drop the voltage to 32 volts to these 
lights. 

Wheel Slip Resistors (Fixed and Adjustable). The adjusta¬ 
ble tube balances the inner coil to the outer coil. The four fixed 
resistors form a bridge so that unless a wheel slips there is no cur¬ 
rent flowing through the relay. 

Headlight Resistors (Adjustable). These are connected to 
the headlight dimming switch to steady the headlights when on 
bright and drop the voltage for medium and dim. 

Transition Relay Resistors. One resistor is fixed, the other 
is adjustable. These drop the main generator voltage before it 
reaches the operating coil of the transition relay. 

Meters. The voltmeter and ammeter are on the low voltage 
panel. If the voltmeter remains at zero, it is an indication that the 
auxiliary generator 150 ampere armature fuse, or 30 ampere field 
fuse, has burned out. 

A defective voltage regulator will be evidenced by excessive 
fluctuations of the ammeter and voltmeter. Broken or loose V-belts 
will affect the charging rate and the excitation of the main 
generator. 

Tachometer. The Jones-Motrola tachometer is mechanical 
and requires no servicing other than lubrication. 
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BATTERY CHARGING CIRCUIT 
1000 HP. LOCOMOTIVES 





FUEL PUMP 
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ELECTRICAL ACCESSORIES CIRCUIT 
600 AND 1000 HP. LOCOMOTIVES 
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Battery Charging Receptacle. Connected directly across the 
battery is the external charging receptacle. An ammeter in the ex¬ 
ternal charging equipment must be used as a check on the charging 
rate. The main battery switch can be either open or closed, for with 
the power plants shut down, the reverse current relay opens tlie 
auxiliary generator charging circuit. 

Headlights. The two headlights are 14 inches, 100 watt, 32 
volts. 

Fuses. Never remove an auxiliary generator fuse with the 
engine running. Never pull any fuse unless the switch to that circuit 
is open. The inductive current in some circuits is sufficient to 
seriously injure a person. 

Motor Control Circuit Explanation. Before the locomotive 
will move, the following switches must be closed: Main battery 
switch, control switch, and generator field switch. The reversing 
handle and reverscr must be in forward or reverse position. The 
throttle must be in advanced position. 

Forward Transition. (Transition not on 600 hp. unit.) 

1. Idle to Series Transition (Starting the Locomotive) 

(a) Moving reversing handle closes S contactor through PI 
Interlock. 

(b) Opening throttle closes SF contactor (providing the 
ground, starting, and wheel slip relay Interlocks are closed.) 

(c) BF contactor closes through SF Interlock. 

2, Series to Series-Parallel Transition (Approx. 10 m.p.h.) 

(a ) Transition Relay VI picks up. 

(b) Transition Relay holding coil is energized through VI and 
P2 Interlocks. 

(c) Transition Relay closing drops SF and BF Contactors. 

(d) VT Relay closes through VI, S, and BF Interlocks. 

(e ) PI Contactor closes through VT Interlocks. 

(f) PI Contactor holds through PI Interlock. 

(g) S Contactor opens through PI Interlock. 

(h) S opening closes P2 Contactor. 

(i) P2 Interlock opening closes SF and BF Contactors, and 
opens Transition Relay holding coil and VT Relay. 

To return the motors to the series position the throttle must 
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first be closed and then opened. Closing the throttle opens SF, BF, 
PI and P2 contactors. S contactor then closes and opening the 
throttle closes SF and BF contactors. The motors are then in series. 


Jumper Cable (16 Conductor) (2000 Hp. Unit Only). This 
cable carries the following circuits between locomotive units: 


No. 

Code 

Circuit 

^ No. 

Code 

Circuit 

1 

OS 

Oil Signal 

1 9 

RE 

Rexerse 

2 

SG 

Signal 

10 

WS 

Wheel Slip 

3 

DV 

D-Valve 

11 

BA 

Boiler Alarm 

4 

1 

Negative 

12 

BV 

B-Valve 

5 

TS 

Temperature Signal 

13 

PC 

Positive Control 

6 

GF 

Generator Field 

14 

SN 

Signal Negative 

7 

CV 

C-Valve 

15 

AV 

A-Valve 

8 ! 

FO 

Forward 

16 

FP 

Fuel Pump 


Hot Journal Alarm Thermocouples. Refer to Fig. 30 of this 
chapter. 


When Alarm Gong Operates. 1. Stop train. Determine which 
unit is sounding gong. All gongs sound but hot journal indicator 
lights in defective unit only. Look for hot journal. If journal is hot, 
examine for cause and correct trouble or, if advisable, proceed with 
caution. 

2. If journal is not hot but gong continues to ring, before 
reaching terminal check for a defective relay, fuse, or loose wire. 
If it is determined that a defective thermocouple is causing the gong 
to ring, proceed to the terminal and locate the thermocouple as 
outlined in paragraphs 4 and 5 following. 

3. It may be necessary to silence the gong. If so, open bell 
cutout switch A. This will not interfere with hot journal alarm 
on other unit or other alarms on any unit. 

4. To determine the truck in which a thermocouple is open, 
remove rubber jumper from truck to locomotive and insert the 
short-circuited tester plug (8004923) into the locomotive receptacle 
C. If alarm gong stops sounding, proceed to check individual 
thermocouple as in next paragraph. 

5. With gong sounding, insert the tester plug into each thermo¬ 
couple receptacle D until the gong stops ringing. Never operate the 
locomotive with tester plug in receptacle as this prevents the 
thermocouple on that journal from functioning. 




LIGHTING CIRCUIT 
1000 HP LOCOMOTIVES 
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LIGHTING CIRCUIT 
600 HP. LOCOMOTIVES 




REVERSER 
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GENERATOR BATTERY FIELD CIRCUIT 
1000 HP. LOCOMOTIVES 
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GENERATOR SHUNT FIELD CIRCUIT 
1000 HP. LOCOMOTIVES 
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Fig. 13 
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HIGH voltage circuit 
600 HP. LOCOMOTIVES 


Fig. 14 
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HIGH VOLTAGE CIRCUIT 
1000 HP. LOCOMOTIVES 



.5 









ELECTRO-MOTIVE EQUIPMENT 


225 



MASTER WIRING SCHEMATIC 
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Fig, 17 
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fig. 19 





CABLE 



’•A” UNIT 

FUEL PUMP a DEFROSTER CIRCUIT 
2000 HP. LOCOMOTIVES 























SIGNAL a ALARM CIRCUIT 
"A" UNIT 

2000 HP. LOCOMOTIVES 








SIGNAL AND ALARM CIRCUIT 
“B” UNIT 

2000 HP. LOCOMOTIVES 






ENGINE CONTROL CIRCUIT 2000 HP. LOCOMOTIVES 










MOTOR CONTROL CIRCUIT 












GENERATOR BATTERY FIELD CIRCUIT 

2000 HP. LOCOMOTIVES 
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0ROUND relay 
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HIGH VOLTAGE CIRCUIT 
2000 HP. LOCOMOTIVES 


Fig 29 




















L H COMPARTMENT 


1 Time Delay Rela> 

2 Brake Relay 

3 Field Loop Contactor 

4 Motor Shunting C on- 
t ic tors 

5 1 ransition Meter Shunt 


2700 Fieight Unit 

6 Ground Relay Switch 

7 Ground Relav 

8 Wheel Slip RtliN 

9 Parallel Relay 

10 Shunt Field Dischargt 
Resistor 


11 Shunt Field Contactor 

12 Shunt Field Contactor 
Resistor (50 0 Ohm) 

13 Reverser 

14 Braking Contactors 

15 Cam Switch 




Chapter IX 

ALCO-GE 660 HP. AND 1000 HP. 
DIESEL-ELECTRIC LOCOMOTIVES 


MAINTENANCE. Maximum service can be obtained from 
electric equipment only when it is kept dry and clean. This is 
especially true when oil, copper dust, brake shoe dust, or other 
metallic matter may collect in or about the apparatus. 

All apparatus should be blown out using clean, dry com¬ 
pressed air; and accessible parts should be wiped off with dry 
waste or clean wiping rags. Washed wiping rags are preferable to 
cotton waste as they are less liable to leave lint. When using air 
for cleaning in tlie vicinity of exposed mica insulation, care should 
be taken not to use too high pressure or get the nozzle too close or 
small flakes of mica will be blown off finally resulting in complete' 
destruction of the insulation. 

Oil is very destructive to insulating materials as it collects dust 
and dirt causing them to break down electrically. When lubricating 
apparatus extreme care should be taken to prevent the lubri¬ 
cant from getting on insulated parts, and if any does get on it 
should be immediately and thoroughly wiped off with clean wiping 
rags. 

All screws, bolts and nuts which secure electiical connections 
should be kept tight to insure good contact. When making a ground 
connection the surface to which connection is to be made should be 
thoroughly cleaned of all dirt, paint or rust to assure good electrical 
contact. 

Cement may be used to advantage in repairing burned insula¬ 
tion such as sides of arc chutes, contactors, and switches. 

Glyptal No. 1201 varnish is recommended for all cables ex¬ 
posed to dirt or moisture, especially where creepage is important. 

When painting control apparatus use a good quality of insulat¬ 
ing varnish. 

Be sure that tools, bolts, nuts, etc., are not left on or around 
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tRefer to Alco Switcher Lubrication Chart. 
f4 oz. every 6 months on Road-Switcher. 

^Product of Quaker Chemical Products Corp., Conshohocken, Pa. 
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the frames of the electrical equipment. Serious damage may result 
from an oversight of this nature. 

During inspections the following should be watched for and 
corrected: 

Loose screws and nuts. 

Cotter pins missing or not split. 

Broken or weak springs. 

Grease, oil, or dirt on insulating material, contacts or any cur¬ 
rent carrying parts. 

Worn or burned contacts. 

Loose terminals and connections. 

Broken insulators. 

Loose tie rods on resistors. 

Read each section of these instructions carefully before at¬ 
tempting to do any work. 

ICC High Potential Tests. Refer to Locomotive Connection 
Diagram. To conform with the ICC requirements as given in para¬ 
graph No. 253 of the “Laws, Rules and Instructions for Inspection 
and Testing of Locomotives other than Steam,'' periodic high 
potential tests are required on electrical circuits and windings 
carrying current of potential over 150 volts. (This applies onlv to 
locomoti\'es engaged in interstate service). 

Preparation. To prepare the locomotive for these tests, proceed 
as lollows: 

1. The electric circuits and windings to be testc‘d should be 

c> 

prepared as necessary by cleaning, painting or repairing. 

2. Open battery switch 100 and ground relay switch 108. 

3. Tie wire 65C to ground at GSS with No. 12 B & S wire. 

4. On locomotives equipped with ammeters in the power cir¬ 
cuits, disconnect the ammeter leads at the shunt. 

5. Place jumpers across (or insert a piece of metal between) 
contact tips of contactors S, SPi , and SP2. 

6. Manually set the reverser for either forward or reverse 
direction. 

7. See that engine starting contactors GSl and GS2 are open. 

8. A minimum value of one-megohm of insulation resistance is 
recommended before applying the high-potential test. 
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Note: Never apply high-potential tests unless a megger test 
first shows that the circuit is reasonably free from ground. Use only 
approved high-potential testing equipment. 

9. In order to avoid excessive high-potential surges, always 
connect the high-potential test wires to the circuits before energiz¬ 
ing the test wires. 

10. To avoid any possibility of personal injury, always stay 
outside of and at least 10-feet from the locomotive while tests are 
being applied. 

Application of Test Voltage. The normal operating voltage of 
the battery and low voltage control circuits is considered as 75-volts. 
This is 2.34-volts per cell of battery, which is approximately normal 
charging voltage. These circuits should not be given a high-potential 
test. 

To apply high-potential tests to the main circuits and windings 
connect one high potential cable to any convenient point on the 
circuit to be tested and the other to the frame of the locomotive. 
Apply test A'oltage as specified below in Table 2: 


TABLE 2. HIGH POTENTIAL VOLTAGES 


Voltages 

660 HP. 
Switcher 
& M. U. 
Switcher 

1000 HP. 
Switcher 
& M. U. 
Switcher 

1 1000 HP. 
Road- 
Switchei 

Normal Operating Voltage. 

High-Potential Voltage for Testing Circuit. 

550 

i 1000 ' 

655 

1200 

670 

1200 


Although the ICC requires the application of only 50-per cent 
above normal voltage to windings, it is permissible on this equip¬ 
ment to apply a high-potential test value of 75-per cent above 
normal operating voltage. 

After Tests. 1. Remove grounding wire from wire 65C at GSS. 

2. Remove jumpers across (or piece of metal between) contact 
tips of contactors ^ SPl , and SP2. 

3. On locomotives equipped with ammeters in the power cir¬ 
cuits, reconnect the ammeter leads at the shunt. 

Electric Rotating Machines. The following instructions apply 
to the traction generator, the traction motors and the exciter- 
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auxiliary generator set except as indicated. For additional main¬ 
tenance see instructions under each machine. 

Frequency of Inspection, A systematic schedule for inspection 
and overhaul should be established. Routine inspection should be 
made at every 3,000 miles and 75,000 miles, and general overhaul 
150,000 to 200,000 miles or every 2 or 3 years, whichever occurs 
first. 

Routine Inspection. Suggested for every 3,000 miles, or once a 
month where less than 3,000 miles a month is operated. 

1. Clean all dirt from commutator cover and surrounding 

parts. 

2. Remove commutator cover, taking care that no oil,, dust, or 
other foreign material falls into the machine. Blow out commutator 
chamber with clean dry compressed air, and clean by wiping with 
lintless cloth dipped in carbon tetrachloride to remove any oil or 
grease. 

3. Inspect commutator. See that copper surface is free of cop¬ 
per beads and has a smooth and polished appearance. If commuta¬ 
tor requires attention, refer to instructions under Commutator. 

4. Wipe off string band. This surface must be free of oil and 
dirt and have a smooth glossy finish. Paint with Clyptal No. 120] 
varnish if necessary. 

5. See that brushholder mechanisms operate properly and that 
shunts and terminals are tight. Wipe the insulators clean and le- 
place cracked or broken porcelains. 

6. Examine brushes for surface condition and wear. Brushes 
should move freely in the holders, and not be stuck with dirt or 
other foreign substance. Raise and lower brushes in carbonways to 
release any dirt that may have accumulated. Care should be taken 
not to snap the springs as this may chip the brush. 

7. Replace short or broken brushes with new ones of the 
proper grade. 

8. Examine armature, field coils and connections for charred 
or broken insulation or other injuries. See that all connections are 
tight. When treatments are necessary, refer to Instructions Under 
Armature and Field Coils. 

9. Replace commutator cover. 
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Note: Steps 10,11, and 12 apply to the Traction Motors only. 

10. Clean dirt away from oil filler pipe covers on axle caps. 
Check oil level which should be 1%, in. minimum, 8)2 in. maximum, 
measured on slant. Also see instructions on Axle Bearings under 
Traction Motor. See that all axle cap bolts are tight and properly 
locked. 

11. Measure radial wear of motor axle bearing linings (Yiq in. 
wear limit), also end wear of the lining flanges (/s in. wear limit per 
lining flange). 

12. Inspect gear lubrication. Be certain enough lubricant re¬ 
mains in case for operation until next inspection. See that bolts 
are tight and properly locked. 

In addition to the regular routine inspection, the following 
should be observed. 

Semi-Annual Inspection, This inspection is suggested for every 
75,000 miles or semi-annually, whichever occurs first. 

1. Axle Bearings: Inspect waste and correct packing if neces¬ 
sary. See Instructions on Axle Bearings under Traction Motor. 

2. Generator Bearing: Add G-E ball-bearing grease to bearing. 
See Lubrication Chart. 

3. Exciter-Auxiliary Generator Set (GMG-Set) Bearings: Add 
G-E ball-bearing grease to bearings. See Lubrication Chart. 

Annual Inspection. 1 . Traction Motor Armature Bearings: Add 
G-E ball-bearing grease to both commutator-end and pinion-end 
bearings. See Lubrication Chart. 

Overhauling. The following operations are recommended for 
every 150,000 to 200,000 miles or every two to three years, which¬ 
ever occurs first. 

1. Clean dirt away around all openings, such as commutator 
covers; waste chamber covers and oil filler pipes on axle caps; and 
around armature bearing caps. 

Note: Steps 2, 3, 4 and 5 apply to the Traction Motors only. 

2. Measure radial wear ( 1^(5 in. wear limit) and end play (Js 
in. wear limit per lining flange) of the axle bearings. Replace if 
more than the limits of wear recommended for these parts. 

3. Remove old waste and oil from the axle caps and wash them 
out with kerosene or other petroleum cleaner. 
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4. Remove gear case. 

5. Dismount the motor and remove the pinion with a pinion 
puller. 

6 . Remove the armature. (See Disassembly Procedure under 
each machine.) Blow out dust and dirt with clean dry compressed 
air. Recondition per detailed Instructions under Armature and Com¬ 
mutator. 

7. Examine bearing housings to make sure grease leaks have 
not developed. Remove armature bearings and clean and inspect 
them in accordance with detailed Instructions under Lubrication. 

8 . Blow out with dry compressed air and clean the interior 
of the machine by wiping with lintless cloth dipped in carbon 
tetrachloride or equivalent, to remove any oil or grease. 

9. If the field coils and connections are tight and in good con¬ 
dition give them two coats of G-E No. 1201 Glyptal insulating 
varnish. If necessary to remove the coils, proceed per detailed in¬ 
structions under each machine. 

10. See that the brushholder mechanisms operate properly, 
that shunts and terminals are tight, and that insulators are clean 
and free from cracks, also see that carbonways are not rough or 
worn. Check spring tension. See Maintenance Data under each 
machine. 

11 . See that pole piece bolts are tight and properly locked. 

12. Fill countersinks around upper pole piece bolt heads with 
G-E No. 837 compound to exclude water. 

13. Replace wearing plate on traction motor suspension nose 
if badly worn. 

14. Reassemble armature bearings and housings on armature 
shaft. See instructions under each machine. 

15. Reassemble the armature in the machine. 

16. Check carefully that no foreign matter remains in the 
machine and that there are no loose brushes or other obstructions 
on the commutator. 

17. Check connections with connection diagram. 

18. On traction motors, remount the pinion. See Instructions 
Under Traction Motor. 

19. Put in new brushes if necessary. 
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20. Clean and repaint gear cases. See Traction Motor for in¬ 
structions. 

21. Remount tlie machine. 

22. See that all nuts and bolts are tight and properly locked; 
that covers are fastened into place and that cables are secured. 

23. Traction motor axle caps should be packed with new waste 
and filled with oil. See Traction Motor for instructions. 

24. Fill traction motor gear case with sufficient lubricant of the 
proper quality. 

Armatures. Armature should be closely inspected for the con¬ 
dition of bands, wedges, coils, insulation, general assembly and 
the commutators. 

Armature bands and core wedges should be tight and secure. 
Solder on the bands should be intact. If solder has thrown off, the 
cause should be determined and corrected and bands replaced. 

The coil insulation should be clean and free from blisters, 
fiakes or cracked insulating varnish surface. When the condition 
of the insulating varnish on the armatures is such that treatment is 
necessary, the following should be observed. 

1. Wipe clean with cloth dipped in carbon tetrachloride or 

equivalent. ♦ 

2. Heat the armature to 100 C. (212 F.). 

3. Dip hot in Glyptal No. 1201 varnish, specific gravity 1.15 
to 1.18 at 30 C. 

4. Thoroughly drain excess accumulation of varnish. 

5. Bake for 24 hours at an even temperature of 120 to 125 C. 
(248 to 257 F.). 

Measure tlie insulation resistance while the armature is hot. 
Armature should be baked until the insulation resistance is at least 
1 megohm. 

If it becomes necessary to remove any of the armature coils, 
due to grounds, short circuits, or other damage, it is recommended 
that the complete armature be sent to the nearest service shop for 
repairs or rewinding. 

The armature receives a dynamic balance at the factory. It 
is essential not to disturb the balance in any way. Be sure to check 
the balance after doing any work that may affect it. 
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Commufatars. The commutator should present a smooth 
surface free from pitting. If it has become pitted or damaged from 
any cause, it should be stoned or turned. A stone of proper curva¬ 
ture to fit the commutator surface and having a span of approxi¬ 
mately 30 degrees should be used. When stoning the commutator, 
extreme care should be taken to keep the copper dust from the 
windings. After stoning, check the brush surface for roundness and 
for concentricity with inner bearing race. The machine should be 
carefully blown out with dry compressed air. 

If the commutator is badly worn or burned, the armature 
should be placed in a lathe and the commutator turned enough 
to give a uniform surface. Before turning the commutator, a suitable 
head covering should be placed over the end windings to prevent 
the chips working into the armature. While turning, the peripheral 
speed of the commutator surface should be about 300-ft. per 
minute. Remove the sharp corners from the ends of the commuta¬ 
tor segments with a file. 

If the commutator has been turned, the side mica should be 
grooved to the depth shown in Table 3. 


TABLE 3. COMMUTATOR GROOVtNG DATA 


Apparatus 

Groov ing 
Depth 

Side Mica 

Thickness 

Traction Generator . 

Traction Motor . 

CMC Set . 

i 

3/ '64-in. 
5/64-in. 
3/64-in. j 

0.045-in 

0.045-in. 

0.030-in. 


Special saws are available for this purpose. Do not cut the 
slots too wide. The sharp edges of the bars should be removed 
with a hand scraper or a knife. Do not bevel the edges of the seg¬ 
ments. Remove all mica fins and inspect to see that no copper chips 
remain. Final polishing with a fine grade of sandpaper is rec¬ 
ommended. Polishing must be skillfully done in order to maintain 
a cylindrical surface. 

Do not apply lubricant to the commutator as it is detrimental 
to operation. If the commutator is not kept clean and free from 
grease and oil, carbon dust will collect in the grooves between the 
segments, and will tend to cause a short-circuit. 
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SETTINGS OF BRUSHHOLDER SPRING ENDS 


1 

1 Notches 

spring End Positions ! 

Left Hand 

. Right Hand 

First . 

1 

' “ 1 

Second . 

2 

1 


Third.j 2 ' 2 

Fourth 
Fiftli 



LEFT HAND END RIGHT HAND END 



First Position Second Position Third Position 



Fourth Position Fifth Position 

hig. 1. Spring End Settings for Adjustable Brushholder Springs for Tiaction Generator 


Brushes and Brushholders. When replacing brushes use the 
same grade of brush or a manufacturer’s recommended replacement. 
Especially is this true when only a partial replacement is made 


rob) 
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TABLE 4. BRUSHHOLDER CLEARANCES 


Apparatus 

Traction Generator. 

Traction Motor. 

Exciter-Aux. Generator Set. . 


Clearance 

1/8-in. 

1/16-in. to 3/32-in. 
1/16-in. to 3/32-in. 


as two widely different kinds of brushes on tlie same machine may 
be detrimental to its successful operation. 

When new brushes are put in, they should be fitted to the 
commutator by sandpapering. In fitting brushes, a piece of sand¬ 
paper is inserted under the brush and drawn in the direction of 
rotation; lift the brush when moving the paper back, and keep the 
paper close to the commutator to avoid rounding the edges of the 
brush. 

When assembling a full set of brushes on the generator, tliey 
should be fitted to the commutator surface. On the other machines, 
fitting is helpful but not absolutely necessary. 

Maintain proper clearance (as shown in Table 4) between the 
bottom of brushholder and the commutator. The support is arranged 
in such a way that the brushholders may be moved toward the 
commutator surface as the commutator wears or is turned, so as to 
maintain the clearance between the face of brushholders and com¬ 
mutator. Brushholders should be kept rigidly bolted in place. 

The shunts on the carbon brushes should be arranged so as to 
clear the commutator riser on the armature and the window in the 
body for the finger. See that the shunts and terminals are tight. 

Proper brush pressure should be maintained as unequal brush 
pressure will cause unequal current distribution in the brushes. 
For brush pressure values refer to Maintenance Data under each 
machine. The brush pressures on the GMG set and the traction 
motors were set at the factory and should not require further ad¬ 
justment unless repairs are made. 

The brush pressures on the traction generator should be 
checked periodically. If they do not agree with those shown under 
Traction Generator Maintenance Data, Fig. I, the brushholder 
spring ends should be set in the notches indicated in Table 5. 
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TABLE 5 . BRUSHHOLDER SPRING SETTING FOR TRACTION 
GENERATORS 



' Brush 

Position of 

Notches 

Generator 

1 Condition 

Spnnj 5 li.ndx ' 

Left Right 


New 

2 

2 1 

c;t-552 

32 worn 

3 

2 2 


New 

4 

3 2 

GT-553 

31 worn 

5 

3 3 


Lubrication. Anti-Friction Bearings. These bearings are 
grease lubricated. Bearing grease recommended by the manufacturer 
should be used. 

The grease fittings should be examined regularly to see that 
they are not damaged so as to allow dirt to enter the bearings. 
Before greasing, the fitting should be wiped clean so as not to force 
dirt into the bearings with the grease. 

The amount of lubrication depends largely on the service* 
requirements. Grease should be added periodically but not ex¬ 
cessively as it will work out of the housing and be thrown off to the 
detriment of the unit when it gets on brushes, commutators, and 
windings, and clogs ventilating passages. 

As conditions dictate, bearing assemblies should be taken apart 
and thoroughly cleaned with kerosene or other petroleum cleaner, 
for the purpose of removing the accumulation of old and hardened 
grease from bearings, housings, and grease passages. 

The bearings should be given a visual inspection for defective 
balls or rollers and loose rivets or worn cages; in addition they 
should be checked for defects by rotating in the hand and feeling 
for grit or binding, and also by spinning and listening for noise. 
When the bearing condition is questionable, install a new bearing 
and have the doubtful bearing reconditioned or destroyed. 

Immediately after bearings have been cleaned in the solvent, 
they should be further washed in a light mineral lubricating oil 
of SAE-10 grade heated to 90C. (194 F.). This is to prevent cor¬ 
rosion of the highly polished surfaces. 

When the bearing compartment is clean and dry, repack with 
fresh grease. When reassembling, some grease should be packed 
into the bearing itself as well as on both sides of it. Refer to Main- 




254 DIESEL LOCOMOTIVES-ELECTRICAL EQUIPMENT 


tenance Data under each machine for the grease capacity of the 
bearing assemblies. The total amount of grease should not exceed 
that recommended for the initial filling. An excessive amount will 
cause the bearing to run hot and will throw out and work into the 
machine. 

It is recommended that a rc'giilar greasing schedule be estab¬ 
lished after experimenting to determine the frequency and the 
amount of lubrication required for the particular service that this 
equipment is to perform. 

In general, experience with G-E ball bearing grease has shown 
that the bearings need only have grease added at infrequent inter¬ 
vals as indicated on the Lubrication Chart. 

Motor Axle Bearings. See InstrucHons Under Traction Motor. 

Field Coils. When field coils are to be removed, provisions 
should be made to ke('p each pole, coil, accompanying shims and 
bolts together. Upon reassembling, they should be replaced in their 
original position. 

The condition of the insulating varnish surface of the field 
coil should be examined and when necessary the following treat¬ 
ment should be obser\ed. 

1. Wipe cl(‘an with cloth dipped in carbon tetrachloride or 
e(jui valent. 

2. Paint or preferably dip hot in Glyptal No. 1201 varnish. 

3. Drain thoroughly. 

4. Bake 6 hours at 120 to 125 C. (248-257 F.). 

After coils are reassembled, care should be taken that the 
cables are properly reconnected. Refer to connection diagram and 
carefully check the coil polarity. Contact surfaces should be clean, 
and the bolts drawn up tightly. Guard against loose connections 
at all times. 

Locating Trouble. Armature Overheating. Armature heating 
may result from any one of the following causes: 

1. Overloading or inadequate ventilation. 

2. A partial short-circuit of two coils, heating the two coils 
affected. 

3. Short circuits or grounds in the armature winding or com¬ 
mutator. 
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4. Bad commutation, with consequent large circulating cur¬ 
rents in the armature coils undergoing commutation. 

5. General heating of the armature may be caused by: (a) 
Unequal air gap; (b) Reversed field coil; (c) Short-circuited or 
grounded field coil. 

Field Coils Overheating, Overheating of field coils may re¬ 
sult from the following causes: 

1. Partial short-circuit of one or more coils. 

2. Faulty spools, or improper connections. 

Check the connections of the field coils with the connection 
diagram for each machine. Check for reversed field coil by exciting 
the fields from some source (battery, etc.), and holding two iron 
rods against the adjacent pole tips all the way around; the free 
ends of the rods should attract each other. A faulty spool may be 
detected by exciting the fields from some source and taking the 
voltage drop across each spool separately; a variation of over 10 
per cent in the drop indicates faulty spool. 

It should be noted that the main generator and the exciter 
has more than one winding on each pole, and care should be taken 
to see that correct terminals are used; consult the cable connections 
drawings. 

Commutator Overheating, Excessi\e temperature on the com¬ 
mutator is generally caused by the following: 

1. Heavy overload for prolonged period. 

2. Sparking at the brushes. 

3. Improper brush pressure. 

4. Poor condition of the commutator. A blackened or rough 
surface increases the brush friction and the contact drop, both of 
which cause increased temperature. 

Contact Heating, Bolted contacts may heat if the contact 
surfaces are not clean, smooth, and bolted together with sufficient 
pressure. See that the contacts of connecting strips are tight. 

Poor Commutation. Sparking at the brushes may be due to 
any one of the following causes: 

1 . Excessive overload. 

2. Brushes may not have proper pressure, or the pressure may 
not be the same on all brushes. 
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3. Brushes may bind in the holders. 

4. Brushes may have reached their limit of wear. 

5. Brushes may be burned on the ends. 

6 . The commutator may be dirty, oily, rough, or worn out. 

7. A commutator bar or bars may be loose or may project 
above the others. 

8 . High mica. 

9. Grounded or short-circuited armature coils. 

10. Loose connection between armature lead and commutator 

bar. 

11. Flat spot on the commutator. 

12. Commutator out of true. 

13. Armature badly out of balance. 

TRACTION GENERATOR 

Function, The traction generator changes the mechanical 
power developed by the Diesel engine into electrical power lor 
driving the traction motors. It also serves as a starting motor lor 
cranking the engine when properly connected to a current supply. 

Description. This generator is designed especially for ti*action 
purposes. The armature is direct-connected to an internal com¬ 
bustion engine, and rotates in a CCW direction, looking at its com¬ 
mutator end. The generator frame is joined with the engine struc¬ 
ture by means of a bolting flange. 

A framehead located at the commutator end of the generator 
frame encloses the single main generator self-aligning bearing which 
supports the commutator end of the armature, the other end being 
supported through the rigid coupling by the main engine bearing. 
There is sufficient clearance in the generator bearing for horizontal 
movement of the armature (end play) so that the end thrust is 
taken by the engine bearing. 

The engine end of the armature carries the fan which draws 
air for cooling purposes through the longitudinal armature ventilat¬ 
ing ducts as well as over the armature and field surfaces. The air 
flow is from the commutator end, where the cooling air is drawn 
in, toward the engine end, where the heated air is discharged 
through the fan. It is essential that sufficient amount of cool clean 
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air be provided, and provision made to prevent re-circulation of the 
exhaust air. Adequate ventilation will not be obtained unless the 
fan discharges against pressure no greater than intake air pressure. 

Separate main field excitation is supplied through the split 
pole exciter end of the Type CMC set, which governs the output 
characteristic of the generator. 

A starting field is built in with the main field to supply excita¬ 
tion for engine cranking. 

The main armature shaft is extended through the commutator 
end bearing for belt-driving the exciter-auxiliary generator set and 
the traction motor blower, and for direct coupling to the air com- 
presser. 

Disassembling Parts for Repair. Refer to Longitudinal Sec¬ 
tion Fig. 2. The special main generator bearing puller is furnished 
with the generator to facilitate disassembling of parts. 

Complete Generator. To remove the complete generator out of 
the locomotive: 

1. Place fibre or pressed board shims into the air gap so the 
armature will not drop down on the pole pieces. 

2. Disconnect all cables from the set. 

3. Uncouple the armature. 

4. Disconnect the generator frame from the engine bell-housing. 

5. Remove the complete generator. 

Armature. To remove the armature: 

1 . Remove fan. Note: Place suitable marks on the fan so that 
when reassembled the balance weight will be in its original angular 
position with respect to the engine crankshaft. 

2 . Disconnect the main generator bus ring from the com¬ 
mutating field. 

3. Raise the main generator brushes and wrap heavy paper 
around the commutator surface to protect it. 

4. Remove pulley with suitable puller. 

5. A long pipe extension should be slipped over the engine 
end stub shaft. 

6 . If only one crane hook is available a heavy rope sling 
may be used, wrapping one end around the commutator end shaft 
extension and the other end on the pipe extension. 
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7. The weight of the armature assembly should be taken up 
by the crane before removing air gap blocking or framehead bolts 


24. 


8 . The armature assembly consisting of main generator arma- 



Traction Generator, Types GT-552 and GT-553 

14 Brush Holder Support Bolt 

15 Brush Holder 

16 Frame Cover 

17 Commutator 

18 Armaturt Windings 

19 Equalizer 

20 Field Coils 

21 Magnet Frame 

22 Fan 

23 Fan Bolt 

24 Frame Head Bolt 

25 Bus Ring Connection Bolt 


Fig. 2. Longitudinal Section 

1 Shaft 

2 Inner Bearing Cap 

3 Flingers 

4 Bearing 

5 Outer Bearing Cap 

6 Bearing Nut 

7 Set Screw 

8 Cap Bolt 

9 Inspection Plug 

10 Grease Fitting 

11 Frame Head 

12 Brush Holder Bus Rmgs 

13 Brush Holder Support 


ture and framehead should next be removed carefully from main 
frame assembly. 

9. The armature assembly should be supported on curved wood 
blocks, under core portion of main armature, and under framehead. 
Generator Bearing. To remove the bearings: 

1. Loosen the set screws 7. 

2. Remove bearing nut 6. 
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3. Remove bearing cap bolts 8. 

4. Slip off outer bearing cap 5. 

5. Remove framehead 11. 

6 . Screw puller studs into inner bearing cap 2. 

7. Place puller plate against shaft Studs will now project 
through holes in plate. 



Fig. 3. Connection Diagram, Traction Generator, 'l>i>e GT-552-A 
Facmg Commutator End 

8 . Apply nuts to studs. 

9. Tighten nuts to draw plate against shaft, until bearing is 
pulled. (Bearing 4, inner and outer llingers 3, and inner bearing 
cap 2 are pulled simultaneously). 

To replace the bearing: 

The order of reassembling the main generator bearing is as 
follows: 
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1 . Inside bearing cap 2. 

2. Inside flinger 3. 

3. Bearing 4. It should be either pressed on, (approx, one ton 
pressure), or shrunk on. If it is shrunk on, it should be heated, 
with the framehead, to 110 C. and then held against the flinger 



Fig. 4. Connection Diagram, Traction Generator, T>pc GT-553-C 
Facing Commutator End 


while it cools. Care must be used not to exceed this temperature as 
the bearing temper may be alFected. A properly controlled oven is 
recommended for heating. 

4. Pack the bearing with grease. Refer to Lubrication In¬ 
structions. 

5. Outside flinger 3. 

6 . Outside bearing cap 5. 

7. Bearing nut 6, which should be locked in place firmly using 
set screws 7. Prick punch set screws. 
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Field Coils. To remove a field coil without removing the 
generator from the engine. 

1 . The three nearest brushholders must be removed. 

2. All briishholder bus ring connections disconnected. 

TABLE 6. GENERATOR COILS, TYPE GT-552-A 


Coils Cat. No. 

Armature, 1 Turn. 4744882G1 

Armature Equalizer . 4729035G1 

Exciting Field, Open. 4748252G1 

Exciting Field, Closed. 4748252G2 

Commutating Field . 4744875G1 


3. Bus rings moved into a position to provide room so that an 
exciting pole and coil may be pulled out endwise between arms 
on the framehead 11. 

4. To remove a commutating pole and coil an exciting pole and 
coil must first be removed. 

5. The exciting coil can easily be slipped off the pole. The 
commutating coil is permanently assembled on the pole and cannot 
be readily disassembled. 

6 . If the main generator has been removed from the engine, 
the field coils can be removed through the back end of the frame 
without disturbing brushholders and brushholder bus rings, pro¬ 
viding the fan has been taken off. 

7. New lockwashers should be used with each reassembly. 

TABLE 7. GENERATOR COILS, TYPE GT-553-A 


Coils Cat. No. 

Armature, 1 Turn. 4742637G1 

Armature Equalizer . 4729398GI 

Exciting Field, Open. 4748246G1 

Exciting Field, Closed. 4748246G2 

Commutating Field . 4742650G1 


Reassembly of Generator. In general, reassembly procedure 
is the reverse of the suggested disassembly procedure outlined 
above. Care should be taken in assembling bearing parts to prevent 
scoring the engaging surfaces of tight fitting parts. Make sure that 
the armature fan is reassembled so that the balance weight is in its 
original position with respect to the engine crankshaft. 

Lining Up the Generator with the Engine. The proper opera¬ 
tion of the set requires that the generator shaft be in line with the 
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engine shaft, and that the air gaps be equally divided. On some 
generators the armature may be jacked into line by means of four 
jacking bolts screwed into holes in the bottom of the generator 
frame. Refer to Fig. 5 and Fig. 6 for proper method. 

The air gap must be unifonn within plus or minus 10 per cent 
from average under each main pole as well as under each cornmu- 



Sbowing bar in finol position 


Fig. 5 Aimature Jacking Arrangement, Generator T\po 01-002 

tating pole, and also in front and back. It is recommended that 
revolving gap be taken, that is, select a point on the armature core 
surface (laminations), revolving the armature, measure successively 
the gap between this point and the poles. Air gap should always 
be measured under the center of the pole. Eccentricity at the cou¬ 
pling end should be held to a minimum as this directly affects 
balance, brush and bearing wear. 

After the armature is coupled to the engine, care should be 
taken to locate the frame so as to have the bearing centrally aligned 
in the end play direction to avoid excess thrust load in either 
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direction. A determination of the positions can be made by shifting 
the bearing to its two extreme end positions and then setting finally 
midway between these two extremes. 

Testing After Repairs. Generators that have been repaired 
after running in service, must not be given over one-half of the 
voltage specified for the high potential test for a new machine. For 



main generator armature, commutating field and starting field, 
use not over 1200-volts; for main generator shunt field not over 
550-volts. See Instructions on I. C. C. High Potential Tests. 

TABLE 8. MAINTENANCE DATA TRACTION GENERATORS 

Type GT-552-A3 Generator (Model 5GT552A3) 

Type GT-552-A4 Generator (Model 5GT552A4) 

Classification—8-pole, coinmutating-pole tvpe, d-c gtMierator 
Nominal Rating—660 hp. at 740 r.p.m. 

Resistance at 25 C 

Shunt Field . 0.070 ohm 

Commutating Field. 0.00413 ohm 

Starting Field . 0.00385 ohm 
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Tig. 8. Outline Traction Generator, Type GT-553-C 
Note; Generator shouTi has aluminum fan. Later 
generator,-* have one-piece steel fans, and remo\al>le screen 
guards over air outlets. 
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Brush Data 

Tandem brushes, one 10° trailing; other 30° stubbing 


Pressure. (Nominal) 45 oz. per brush 

Size... la-in. by lla-in. by 2)4-in. 

Grade. GE-377 


Average Air Gap 

Exciting Field. 0.171-in. 

Gommutating Field . 0.343-in. 


Commutator Side Mica 

Thickness . 

Grooving Depth . 

Bearing Grease Capacity (ra Full). 

GT-552-A3 


Weight of Entire Unit. 6942-lb. 

Weight of Bare Armature and Fan. 3010-lb. 

Drawings 

Longitudinal . 

Connection Diagram . 

Outline . 

fHas steel fan. 


. 0.045-in. 

, . . . % 4 -in. 
... 17 oz. 
tGT-552-A4 
7013-lb. 
3081-lb. 

. . . Fig. 2 
. . . Fig. 3 
.. . Fig. 7 


TABLE 9. MAINTENANCE DATA TRACTION GENERATORS 

Twe GT-553-C2 Generator (Model 5GT553C2) 

Type GT-553-C3 Generator (Model 5GT553C3) 


Classification—8-pole, commutating-pole type, d-c generator 
Nominal Rating—1000 hp. at 740 r.p.m. 


Resistance at 25 C 

Shunt Field . 

Commutating Field. 

Starting Field . 

Brush Data 

Tandem brushes-, one 10"' trailing; otlier 30° 

Pressure . 

Size . 

Grade. 


0.705 olim 
0.0033 olnn 
0.0037 ohm 


stubbing 

. . (Nominal) 39 c)z. per brush 
.■‘Lin. h\' llLin. hv 21Lin, 

.!. GE-377 


Average Air Cap 

Exciting Field. 

Commutating Field . 

Commutator Side Mica 

Thickness .. . . 

Grooving Deptlr . 

Bearing Grease Capacity Full). 

Weight of Entire Unit. 

Weight of Bare Armature and Fan 


GT-553-C2 

9225-11). 

3800-lb. 


. 0.170-in. 
. 0.351-in. 

. 0.045-in. 
• . • %4-in. 
, . . 17 oz. 

tGT-553~C3 
9297-1b. 
3881-lb. 
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Drawings 

Longitudinal . Fig. 2 

Connection Diagram . Fig. 4 

Outline . Fig. 8 

fHas steel fan. 


EXCITER-AUXILIARY GENERATOR SET 

Function. The auxiliary generator end of the GMG set 
furnishes auxiliar)' power for the control ciicuits, battery charging. 



Fig 9 I oTigitndiual Section, Exciter-\n\i1mrv Generator Set 
In ins GMG-139-A and GMG-139-B 


1 Shaft 

2 BcMring Housing (E\c ) 

3 Bearing Nut (E\c } 

4 Bearing (E\c ) 

5 Flinger Inner (Exc ) 

6 Spacing Collai (Exc ) 

7 Commutator (Exc ) 

8 Bearing Cap 

9 End Plate (Exc.) 

10 Brush Holder Support Bolt 

11 Brush Holder Suppoit (Exc ) 

12 Brush Holder Bus Rings (Exc ) 

13 Brush Holder 

14 Armature Winding (Exc ) 

15 Field Coils (Exc ) 

16 Magnet Frame (Exc ) 

17 Pole Piece Bolts (Exc ) 

18 Fan 

19 Tomt Bolts 

20 Pole Piece Bolts 


21 Magnet Frame (Aux Gen ) 

22 Field Coils (Aux Gen ) 

23 Armature Winding (Aux. Geu ) 

24 Brush Holder Bus Rings (Aux Gen ) 

25 Brush Holder Sui^port (Aux Gen ) 

26 Grease Fitting 

27 Spacing Collar (Aux. Gen ) 

28 Commutator (Aux Gen ) 

29 Bearing Cap (Aux Gen ) 

30 Bearing Nut (Aux. Gen ) 

31 Bearing (Aux Gen ) 

32 Lockw asher 

33 Flinger Inner (Aux. Geu ) 

34 Collar (Aux Gen ) 

35 End Plate (Aux Gen ) 

36 OxerfloNN Fitting 

37 Lockuasher (Exc ) 

3S Gasket (Fxc ) 

39 Gasket ( Vux C»cn ) 


exciter shunt field excitation, miscellaneous power and lights. Stead\' 
voltage is maintained by the voltage control relay. 

The exciter end of the machine furnishes excitation for the 
traction generator. It is tested with and adjusted under test with 
the generator whose serial number is stamped on its nameplate. Do 
not use it with any other generator or conect operating results will 
not be obtained. 
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Descriprion. The Type GMG exciter-auxiliaiy generator set 
is essentially two separate electric machines, an auxiliary generator 
and an exciter, mechanically built into the same frame assembly 
with two armatures mounted on the one shaft. The unit is belt 
driven through a pulley mounted on the auxiliary generator end 
shaft extension. The unit rotates in a clockwise direction, looking 
at the shaft extension end. 

The unit is cooled by air drawn into the machine by a fan. 
It is, therefore, essential that sufficient amount of cool clean air be 



provided, and pro^isio^ be made to pre^ent recirculation of the 
exhaust air. Adequate ventilation will not be obtained unless the 
fan discharges against pressure no greater than intake air pressure. 

Disassembly of the Unit. Refer to Longitudinal Section Fig. 9. 

Armatures, To remove the armatures: 

1. Lift the brushes from both commutators and wrap a piece 
of paper around each commutator to protect it. 

2. Take off the pulley. 

3. Remove the grease and overflow fittings 26 and 36. 

4. Take out the joint bolts 19. 

5. Place wooden block under auxiliary generator frame 21. 

6. Take out the inner row of bolts for end plate 9. 
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7. Screw ejection bolts in tapped holes provided in end plate 9. 
This will remove magnet frame 16, leaving the complete armature 
assembled in frame 21. 

8. Support armatures with a rope sling around the fan. 

9. In a similar manner, take out the inner row of bolts for end 
plate 35 and apply the ejection bolts in the tapped holes provided 
in the end plate, thus removing the frame 21, from the armature. 


TABLE 10. COILS FOR GMG-139.A MOTOR GENERATOR SETS 


Type 

Turns 

AUX GENERATOR 

Armature Coil j Exciting Field 

Commutating Field 

C;MG-139A1 

2 

Cit. 4742734G1 

Open 

Cat. 4748238G1 
Closed 

Cat. 4748238G2 

Cat 4742740G1 

G\IG-139A2 

2 

Gat 4742734G1 

Open 

Cat. 4748238G1 
Closed 

Cat 4748238G2 

Cat. 4742740G1 

G\IG-139A3 

2 

Cat 4742734G1 

1 

Open 

Cat. 4748238G1 
Closed 

Cat. 4748238G2 

Cat. 4742740G1 






r\pe 

__ 

1 

1 

1 

EXCITER 



CMG-139A1 


GMG-139A2 


GMG-139A3 


Tunis Amiatvirc Coil 


Cat. 4748231G1 


Evciting Field 
Open 

Cat. 6751109G3 
Closed 

Cat. 6751109G4 


Cat 4748231G1 


Cat. 4748231G1 


Open 

Cat. 6751109G1 
Closed 

Cat. 6751109G2 
Open 

Cat. 6751109G5 
Closed 

Cat. 6751109G6 
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Bearings: To remove the bearings: 

1. Remove countersunk head screws which hold the bearing 
cap 8 to the bearing housing 2. This will permit disassembly of 
bearing cap 8. 

2. Remove bearing nut 3. 

3. Bearing 4, inner flinger 5, and bearing housing 2 can be re¬ 
moved simultaneously by using a suitable puller. 

4. After removing the collar 34, the pulley end bearing can be 
removed similarly to the exciter end bearing. 

Care should be exercised in the handling of the parts so as 
not to damage them, particularly the windings and commutators. 

Fan. The fan is of one-piece construction bolted to a machined 
flange. By removing the bolts the fan Can be slipped off over the 
exciter armature. 

Field Coils. To remove a field coil: 

1. Disconnect the cables. 

2. Remove the bolts which hold the pole to the frame. 

3. Remove the pole and coil through the end of the frame. 

4. The field coil can readily be slipped off the pole. 

Where field coil pole piece bolts have been removed, new lock- 
washers should be provided upon reassembling. 

Reassembly. In general, reassembly procedure is the reverse 
of the suggested disassembly procedure outlined above. Parts having 
a shrink fit should be heated in an oven to facilitate assembly. 

Testing After Repairs. Exciter-auxiliary generator sets that 
have been repaired after running in service, must not be given over 
one-half the voltage specified for the high potential test of a new 
machine. For the exciter differential field use not over 1200-volts; 
for all other parts of exciter and auxiliary generator use not over 
600-volts. See Instructions I. C, C. High Potential Tests. 

TABLE 11. MAINTENANCE DATA 

Type GMG-139-A Exciter-Auxiliary Generator Set Model 5GMG139A 
Classification 

Auxiliary Generator—6-pole, commutating-pole type, d-c generator 

Exciter~4-pole, non-conimutating-pole type, d-c exciter 


Nominal Rating (Auxiliary Generator). 5-kvv. 

Nominal Voltage . 75 volts 
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GMG-139-A 
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Resistance at 25 C 

Auxiliary Generator Shunt Field. 

Auxiliary Generator Commutating Field 

Exciter Shunt Field. 

Exciter DiflFerential Field 

Form A1 . 

Form A2 . 

Form A3 . 


Brush Data 

Pressure . 

Size. 

Grade. 

Commutator Side Mica 

Thickness . 

Grooving Depth . 

Bearing Grease Capacity (% Full) 

Shaft Extension End. 

End Opposite Extension. . . . 

Weight of Set. 

Weight of Bare Armatures. 

Drawings 

Longitudinal . 

Connection Diagram . 

Outline. 


. 10.78 ohms 

. 0.0267 ohm 

. 3.74 ohms 

. 0.000196 ohm 

. 0.000156 ohm 

. 0.000123 ohm 

46 to 52 oz. per brush 
in. by II in. by 11 in. 
.GE-377 


0.030-iii. 
. % 4 -in. 

. 2/2 oz. 
. 2h oz. 

. 800-lb. 
. 310-lb. 

Fig. 9 
Fig. 10 
Fig. 11 


TRACTION MOTOR 

Function. The traction motor takes electrical power from the 
generator and changes it into mechanical power to drive the loco¬ 
motive. 

Description. This motor is of the box frame type and is ar¬ 
ranged for forced ventilation. The armature is supported at each 
end of the motor by anti-friction bearings carried in detachable 
frameheads. Single reduction gearing is enclosed in a split-type 
gear case. 

The axle bearings are of the split-sleeve type, lubricated by 
means of oil and waste and have auxiliary oil wells for replenishing 
the oil supply and gauging* its depth. 

The motor has four main poles and four commutating poles. 
Four brushholders are accessible through the commutator covers. 

Disassembly of Motor. Refer to Fig. 12. Before proceeding, 
make sure the oil and waste have been removed from the axle caps. 
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1. Unscrew pinion nut from end of shaft and pull the pinion 
from the shaft using a pinion puller. See Pinion instructions. 

2. Remove carbon brushes. * 

3. Wrap heavy paper around commutator surface to protect 
it when armature is removed from the frame. 




Fig, 12. Bearing Assembly, Traction Motor, Type GE-731 


1 Assembly (Comm. End) 

2 Assembly (Pinion End) 

3 Frame Head 

4 Lubricating Fitting 

5 Bearing Cap (Outer) 

6 Bolt 

7 Washer 

8 Plate 


9 Bolt 

10 Lockwashcr 

11 Pipe Plug 

12 Gasket 

13 Sleeve 

14 Flinger 

15 Roller Bearing 

16 Bearing Cap (Inner) 


17 Gasket 

18 Flinger 

19 Roller Bearing 

20 Bearing Cap (Inner) 

21 Frame Head 

22 Bolt 

23 Lockwasher 

24 Bearing Cap (Outer) 


4. Remove the eight bolts 9 holding inner and outer bearing 
caps to framehead on commutator end. 

5. Remove outer cap. 

6. Turn motor on end, with commutator end down, and level 
it so the armature can be raised vertically without injuring the 
bearings, commutator or brushholders. 

7. Remove bolts holding pinion end framehead 21 to frame. 

8. Screw hardened steel bolts into the threaded jack holes in 
the framehead. 





274 DIESEL LOCOMOTIVES-ELECTRICAL EQUIPMENT 

9. To lift the armature, an eye bolt which fits the crane hook 
should be screwed over the threaded end of the armature shaft. 

10. §crew three long straight studs in three of the holes in com¬ 
mutator end inner bearing cap 16. These long studs will guide 
the armature out of the fuame so that the commutator will not 
strike the brushholders. 

11. Remove bolts 6, washer 7 and plate 8 from the commuta¬ 
tor end. 

12. With the armature shaft vertical and the lifting ring in 
place, jack loose the pinion-end framehead. During this operation 
take care that the armature is properly levelled and that there is 
suflBcient strain on the hoist cable to keep the armature weight from 
bearing on the framehead. 



Fig. 13. Coimection Diagram^ Traction Motor Leads Are Shown on Axle Side 

TABLE 12. MOTOR COILS GE-731-B2 AND GE-73I-C2 


Motor 

Turns 

1 Armature Coil 

1 Exciting Field 

Commutating Field 

GE-731-B2 

GE-731-C2 

1 

Cat. 4748551G1 

Cat. 4729679G1 
Equalizer 

Bottom and Siisp. Side 
! Cat. 6751106G1 

Axle Side 

Cat. 6751106G2 

Top Side 

1 Cat. 6751106G3 

i 

Cat 6751105G1 
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13. The thrust ring of the commutator end roller bearing must 
be caught to avoid damage when it drops oflE as the armature is lifted. 

14. The armature together with the pinion-end bearing as¬ 
sembly and commutator end bearing inner race may then be lifted 
clear of the frame and placed on a bench or rack in a horizontal 
position. 

Reassembly of Motor. Refer to Fig. 12. 1. Assemble flanges 
and coils on pole pieces. Bolt pole pieces into frame, drawing tight 
with coils hot. Fill countersinks around pole piece bolt heads with 
G-E No. 837 compound to exclude water. 

2. Bolt brushholders in place. Fasten and insulate connections. 
Install cables. Assemble commutator end framehead with outer 
race and rollers. 

3. Place frame in a vertical position with framehead face level, 
commutator end downward. Have ready an armature with pinion- 
end bearing assembly, less part 13, and commutator end bearing 
inner race in place. Screw eye-bolt over end of armature shaft. 
See Instructions covering armature bearing assembly given under 
Care of Armature Bearings. 

4. Wrap heavy paper around commutator surface to protect 
it and lower armature into frame taking care not to strike the 
brushholders. Assemble studs into commutator end inner bearing 
cap to guide armature. Lower armature into frame. 

5. Insert the pinion-end framehead bolts and tighten bolts to 
draw armature into place. Be extremely careful to pull down evenly 
on all bolts to prevent tipping the bearing assemblies and damaging 
the raceways. 

6. Check the radial clearance between the commutator end 
bearing rolls and race with a feeler gauge. The assembled clearance 
should be 0.0025-in. minimum. 

7. Assemble thrust ring on commutator end bearing. Assemble 
plate 8, washer 7 and bolts 6, but do not lock. 

8. Place the motor in a horizontal position. Tighten frame- 
head bolts. 

9. Clamp an indicator to the commutator-end of the armature 
shaft with the plunger horizontal and pressing against the outer 
raceway of the bearing. Push the armature toward the commutator- 
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end to eliminate any end-play and rotate to see if the outer race¬ 
way is true. 

If the outer raceway is out more than two thousandths of an 
inch (.002-in.) the bearing housing should be checked to see that 
all bolts are pulled up tight to the magnet frame and that there is 
no interference caused by burrs or dirt between the register fits 
of the bearing housing and magnet frame. This type of bearing is 
designed with small clearances and must, therefore, be properly 
lined up with respect to the armature shaft and housing in order to 
give satisfactory operation. 

10. Force armature to commutator end. Tighten bolts and lock 
with 7. 

11. Attach gasket 12. Be sure this gasket is correct thickness 
(0.021 in.). 

12. See that commutator-end bearing has proper filling of 
grease, (10 oz. for bearing and housing), then attach bearing cap 
and draw bolts up tight. 

13. Check annature end play (0.005 in. to 0.015 in. total). 

14. Remove pinion end outer bearing cap 24 and check outer 
race of bearing with an indicator clamped to the shaft as was done 
on the commutator end. If the outer race runs out more than 0.003 
in. check to see that all bolts are pulled up tight to the magnet 
frame, that there is no interference caused by burrs or dirt between 
the framehead and the fit on the magnet frame. 

15. Check the radial clearance between the pinion-end bearing 
rolls and race with a feeler gauge. The assembled clearance should 
be 0.003 in. minimum. 

16. Attach gasket 17. 

17. See that bearing cap 24 has proper filling of grease, then 
assemble it and tighten bolts 22. Shrink labyrinth sleeve 13 in place. 
See detail instructions under Care of Armature Bearings. 

18. Install carbon brushes. Use the grade recommended by the 
manufacturer. All brushes in the machine should be of the same 
grade. 

19. Motor is now ready for pinion. See instructions for mount¬ 
ing pinions. 

Care of Armature Bearings. When overhauling the motor, 
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after the outer races with rollers have been slipped ofiE in accordance 
wi^i instructions on disassembly, remove the old 'grease from bear¬ 
ing housings, flingers, and adjacent parts. Inspect the inner races, 
which need not be removed if in good condition. 

Dissassembly of Commutator-End Bearings. Refer to Fig. 12. 

1. The inner bearing race may be removed by applying a puller 
between the inner race and flinger 14. 

2. Remove flinger 14 and inner bearing cap 16 by puller at¬ 
tached to threaded holes in inner bearing cap, 16. 

DiscLssembly of Pinion-End Bearing. Refer to Fig. 12. 1. Re¬ 
move the labyrinth sleeve 13. This sleeve contains 4 tapped holes for 
applying a puller. 

2. Remove the bolts 22 and the bearing cap 24. 

3. Slip framehead 21 together with outer race of bearing and 
rollers off of inner bearing race on shaft. 

4. Remove inner bearing race by applying a puller to the in¬ 
side face of race. 

5. Remove flinger 18 and inner bearing cap 20 by puller at¬ 
tached to threaded holes in inner bearing cap 20. 

Cleaning. 1. Immediately upon removing bearings, clean them 
with kerosene or other petroleum cleaner. 

2. Do not allow them to lie around with old grease in them. 

3. Clean bearing housings, flingers, and adjacent parts. 

4. Immediately afterward, dip in light mineral oil (SAE 10 
grade) heated to 90 C. (194 F.) and pack with fresh lubricant to 
avoid corrosion and wrap to keep clean. 

Roller bearings should be cleaned and inspected each time the 
motor is overhauled. 

1. Examine bearings for defective rollers, rotating each roller. 

2. Inspect the cages for loose rivets and wear. 

3. Inspect the inner race. 

4. Protect from dirt the bearings that have been cleaned. 

5. Do not take the bearing cages apart. 

Assembly of Bearings. Refer to Fig. 12. The order of assembly 
is essentially the reverse of disassembly. Parts having a shrink fit 
should be heated in a bath of clean oil or in an oven to approxi¬ 
mately 230 F. before mounting. The outer bearing races with rollers 
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and retainers are pressed into the frameheads before frameheads 
are assembled in frame. Care should be used to have the outer race 
of the bearing parallel with the bore of the framehead when press¬ 
ing the bearing race into place. Gaskets 12 and 17 should have the 
correct thickness (0.021 in.). 

Commutator-End Bearing Assembly. 1. Place inner bearing 
cap 16 and shrink on flinger 14. 

2. Heat inner bearing race to prescribed temperature and 
shrink in place on shaft, holding inner race against the flinger on the 
shaft until cool. 

3. Care should be exercised to keep the bearing free of foreign 
material. 

Pinion-End Bearing Assembly. 1. Assemble inner bearing cap 
20 and shrink flinger 18 on shaft. 

2. Heat inner bearing race to prescribed temperature and 
shrink in place on shaft, holding inner race tightly against flinger 
on shaft until cool. 

3. Framehead with rollers should be slipped over inner bearing 
race after inner race has cooled. 

4. See that the bearing has proper filling of fresh, clean grease 
(17 oz. for bearing and housing). 

5. Bolt on bearing cap 24 with gasket 17. 

6. Collar 13 will be assembled later, see assembly of motors. 

Motor Axle Bearings* Cross-sectional view of an axle cap 

similar to this type of bearing is shown in Fig. 14. 

Note: These motors are shipped new with two 0.007 in. shims 
between the axle cap and frame. When the locomotive has traveled 
10,000 miles, these shims should be removed. 

Inspection. The bearings should be inspected at regular inter¬ 
vals to check the oil depth. (1>^ in. minimum, 3^2 in. maximum, 
measured on slant.) 

1. Clean off all dirt around the waste chamber and oil well 
covers. 

2. Lift covers and examine waste. Change any glazed waste. 

3. Make sure that waste is packed tightly against window and 
that bearing lining flanges are being properly lubricated. 

4. Using a suction pump, take a sample of oil from the bottom 



Packing Bearings, Empty and clean out waste chamber. Be 
careful that no dirt drops into it. 

These axle caps are fitted with a spring waste pusher. A thin 
wood or fibre wedge should be inserted between the pusher and 
the axle to keep the spring compressed while the bearing is packed. 
If the wedge is inserted in the center of the waste opening, the 
waste can be packed on both sides of it. The wedges should be 
removed after packing. 

Long fibre wool waste should be used as packing. All the 
waste to be used should be thoroughly saturated with warm oil 
for 24 hours and allowed to drain for 12 hours. (Temperature ap¬ 
proximately 85 F.) 

1. Make several wicks or skeins by twisting the long strands 
together once or twice. 

2. Place the wicks in the window side of the waste chamber so 
that they extend from the bottom to about 6 in. above the top and 
force them firmly against the shaft by packing more waste behind 
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3. Fold tlie top of the wicks back over the packing and fill the 
remaining space with a wad of waste well saturated with oil to 
exclude dirt. 

Filling the Bearing. 1. Use a good grade of electric car oil. 
Unless the climate is very uniform throughout the year two grades 
of oil are required, one for summer and a lighter for winter. 

2. Open the oil well cover and gauge the depth of the oil by 
inserting a clean rod or stick into the auxiliary oil well. 



r IK 1^ Mujonictei 1 ool li»r Measuring Piish-up” 
nf fi E. Railway Motor Pinions 


3. If the beaiing is not sufficiently full, pour oil into the 
auxiliary oil well until the proper depth of oil is reached (3/2 in. 
maximum measured on slant). 4. Close oil well cover. 

Removal and Mounting of Pinions. When removing a pinion, 
use a suitable pinion puller. Do not heat pinion before pulling and 
do not use wedges between pinion and bearing cap. In order to 
prevent damage to anti-friction bearings, avoid unnecessarily heavy 
blows with a sledge on the pinion puller. 

Proper mounting is essential for successful operation of the 
gearing. Proceed as follows: 
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1. Thoroughly clean pinion fit of shaft and boije of pinion with 
benzol. Remove any scoring on either parts, and spot cold pinion 
on the shaft by hand to obtain at least 75 per cent fit. 

2. Mount pinion cold on shaft by hand. Record the position 
with respect to the shaft, making measurements with a micrometer 
depth gauge, the method to be similar to illustration. Fig. 15. Mark 
the points of measurement and mark across the end of the shaft 
so that after heating the pinion it can again be mounted in exactly 
the same angular position and measurements made from the same 
points. 

The Zero setting of the depth gauge must not be disturbed 
until all readings on a particular pinion are completed. 

3. Pinions are to be mounted hot on the shaft so as to secure 
an advance from cold position to hot position along the axis of 
the shaft as indicated in the table below. This table also gives the 
estimated difference between shaft and pinion temperatures which 
will provide tliis advance. The temperature is estimated only and 
should be adjusted to maintain the advance within the following 
limits. 


No. of Teeth 


16 

18 


Advance 

Temperature Difference 

0.052-0.062 in. 

128 C 

0.054-0,064 in. 

130 C 


Temperatvire of Pinion must never be above 190 C. 


A pinion to be mounted should be heated in an oven until 
the entire pinion has reached a uniform temperature, the required 
number of degrees above the shaft temperature. Never let the 
pinion temperature get above 190 C. Shaft and pinion temperatures 
can best be checked with a hand pyrometer of the type illustrated in 
Fig. 16. 

4. Mount pinion hot in the same angular location as when cold. 

5. After pinion has cooled, check pinion position at the marked 
points with the depth gauge, and make sure the advance is within 
the above limits. If not within these limits pinion should be removed 
and remounted. 

6. Assemble washer and nut. 
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Field Coik. When replacing field coils they should be hot 
drawn. The field coils should be on the pole pieces before heating 
to avoid damage to insulation by driving a pole piece into a hot 
coil. The coils may be heated in an oven to 80-85 C. (208-217 F.) 
temperature for 4 hours, then assembled in the frame and drawn, 
or they may be assembled in the frame with the pole pieces before 
heating, then heated by passing approximately 800 amperes through 
them so as not to bring the coils up to temperature in less than 30 
minutes. If heated in an oven, sufficient time should be allowed for 
the coil to become heated through. 



Fig. 16. Hand Pyrometer for Measuring Shaft and Pinion Temperatures 

Gear Cases. Remove all grease and dirt when overhauling 
gear cases. If necessary immerse the gear cases in a solution of 
caustic potash into which steam is injected and continue until the 
cases are boiled clean. Repaint with Glyptal No. 1201 Paint. 

Under no circumstances should the old grease and oil be burned 
from gear cases, as this will result in warping them. 

Use a good grade of grease of consistency that will adhere to 
the teeth and level back at operating temperature. Maintain suffi¬ 
cient level in the bottom of the gear case to cover the gear teeth. 

Testing After Repairs. Traction motors that have been re¬ 
paired after running in service must not be given over one-half of 
the voltage specified for the high-potential test for a new machine. 
Do not use over 1200 volts for this motor. 
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TABLE 13. MAINTENANCE DATA FOR GE-731 RAILWAY MOTOR 

Type GE-731-B2 (Model 5GE731B2) 

Type GE-731-C2 (Model 5GE731C2) 

Ratings (per motor) on full field with ventilating covers arranged as in service. 


Type of Rating. Continuous 

Engine Output Hp. for Traction. 156 

Amperes . 740 

Approx. Pounds Tractive Effort. 7300 

Temperature Rise by Resistance. 120C 

Cubic Feet Air per Minute. 750 


The following Data is Common to Both Motors 

Resistance at 25 C 

Exciting Field . 

Commutating Field . 

Armature . 


Continuous 

250 

830 

8500 

120C 

1200 


.00443 ohm 
.00340 ohm 
.00840 ohm 


Brush Data 

Pressure. 10 to 12 lb. 

Size. 1-in. by 1/8-in. by 2?4-in. long 

Grade . GE-Grade D3 


Clearance and Limits of Wear 

Air Gap, Main Pole. 0.125-in. new 

Air Gap, Commutating Pole. 0.150-in. new 

Total End Play, Armature. 0.005 min. to 0.015-in. max. 

Total End Play, Axle. l^ie-niin. to Darrin, max. 

(Maximum wear % in. for each lining flange) 

Clearance on Dia. in Axle bearings. nominal to H(>*in. max. 

Radial Clearance, Anti-friction Bearings, (0.003-in. min. pinion end 
Assembled.^ 0.0025-in. commutator end 


Commutator Side Mica 

Thickness . 0.045 in. 

Grooving Depth . %4 in. 

Bearing Grease Capacity (Initial Filling) 

Commutator End . 10 oz. 

Pinion End . 22 oz. 


Recommended Oil Depth 

Axle Bearings, Measured on Slant. 3J2-in. max., l?4-in. min. 

Weight of Bare Motor and Pinion. 5600 lb. 

Weight of Armature and Collars. 1540 lb. 

Prints and Diagrams 

Bearing Assembly.*. Fig. 12 

Connection Diagram . Fig. 13 

Axle Bearing. Fig. 14 

Micrometer “Push-up” Gauge for Pinion. Fig. 15 

Hand Pyrometer . Fig. 16 

Outline Dimensions (GE-731-B2). Fig. 17 

Outline Dimensions (GE-731-C2). Fig. 18 
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CONTROL EQUIPMENT 

Master Controller (Type C-173-R2) Function and Description. 
The purpose of this controller is to fix the direction of motion of 
the locomotive. Usually the reverse handle will be thrown clear 
through to the R.F. (reduced field or field shunt) position. How¬ 
ever, "series holding” may be obtained by leaving the handle in 
the SERIES position and series-parallel operation may be obtained 
by leaving the handle in the SERIES-PARALLEL position. 

There is a magnetic lock in the top of the controller which is 
energized through the throttle switch and the lock is closed when¬ 
ever the throttle is moved from the IDLING position, thus making 
it impossible to pass the OFF position with the controller handle. 
This makes it impossible to operate the reverser or close the motor 
circuits with the engine running at more than idling speed. 

Inspection. The fingers should be carefully tested so that they 
drop % 2 hi* on leaving the cylinder segments, in order to give good 
contact pressure and still not stub against the cylinder segments. 

Fingers should be renewed when worn down about half-way 
at the contact point. 

Lubrication. A thin film of light, high-temperature grease 
such as Stazrite No, 30 or equivalent should be applied to the 
cylinder for lubrication at inspection periods to prevent cutting of 
the fingers and segments. Care should be taken not to use too much 
lubricant as it will collect under the fingers and cause poor contact. 

Maintenance. If it is found that the lock does not function 
properly; that is, does not close when the throttle is advanced from 
the IDLING position or does not open when the throttle is thrown 
into the IDLING position, the tension of the locking spring should 
be adjusted. 

^lectro-Pneumatic Contactors (Type 17CP2-J3 or 17CP2-K7) 
Function. These are in the traction motor line circuits and con¬ 
nect the motors to the generator. The series contactor ^ is electrically 
interlocked with the series-parallel contactors SPl, SP2 so that the 
series-parallel contactors cannot close when the series contactor 
is closed and vice versa. Their sequence of operation is automatic, 
depending on the position of the controller handle and the speed 
of the locomotive. 
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Description. This contactor is of the electro-pneumatic type, 
being air operated and electrically controlled. Very heavy pressure 
is obtained at the contact tips, thus insuring low resistance and low 
temperature at this point. This contactor closes under air pressure 
operating against a powerful spring. The spring gives a very rapid 
and positive opening of the tips when air pressure is removed. All 
parts subject to burning and wear are readily accessible for in¬ 
spection and replacement. 

Maintenance. The contacts should be kept clean and free from 
any pitting which might develop when interrupting heavy currents. 
If the contacts do become pitted, they should be smoothed up by 
light applications of a file. 

Extreme care should be taken to insure that full line contact 
is obtained across and between the two tip surfaces after the 
filing is completed. If the tips are too badly pitted, they should be 
replaced. 

Contact tips should be renewed when they are worn half-way 
through. 

Lubrication. The cylinder wall and the piston leathers should 
be lubricated sparingly; only a sufficient amount to keep the leathers 
pliable. 

If the contactor is mounted with its cylinder horizontal, a thin 
non-freezing oil (G-E PC Control Lubricant No. 1) may be injected 
into the low pressure end of the cylinder through the oil hole on 
the side of the cylinder. The total volume of oil should not exceed 
IJ 4 fluid ounces, to avoid leakage around the piston when the con¬ 
tactor closes. 

If the contactor is mounted with its cylinder vertical, a grease 
(G-E PC Control Lubricant No. 2) may be injected into the high 
pressure end of the cylinder through the plugged opening ne^r the 
upper end of the cylinder. Oil is not recommended for the-high 
pressure end of the cylinder because it will blow out* through the 
magnet valve. 

During the general overhauls of equipment the piston should 
be removed, the piston leathers replaced if worn or softened by soak¬ 
ing in oil if hard, and the cylinder wall lubricated with G-E PC 
Control Lubricant No. 2. 
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CauHon: When reassembling a piston a thin shim should 
be inserted between the piston and the oil inlet in the cylinder wall 
to protect the piston leathers from abrasion. 

Inspection. The operation of the contactor should be tested 
occasionally by pressing the magnet valve operating pin. The open¬ 
ing and closing should be rapid. If the operation is sluggish, at¬ 
tention should be given to the lubrication, the condition of piston 
leathers, the air pressure, and the magnet valve. For care and 
maintenance of the magnet valve, see Instructions Under the Head¬ 
ing ‘"Magnet Valves.” 

The movable contact tip is hinged on the end of the contact 
armature, a compression spring being provided between the two to 
hold the tip against the inner stop of the armature when the 
contactor is de-energized. When the contactor closes, this spring 
compresses, allowing the armature to move after the contact tips 
touch, with a resultant rolling and wiping motion between the sta¬ 
tionary and movable tips. The force required to just move the tip 
away from the inner stop is known as the initial tip pressure. The 
force required to move it up against the outer stop is known as 
the final tip pressure. Both should be measured at the line of con¬ 
tact with the contactor open. To measure the initial tip pressure, 
insert a thin piece of paper between the movable tip and its inner 
stop. Attach a spring balance, by means of a wire stirrup and suit¬ 
able spreader (for clearing the arc chute supporting spring), to 
the head of the cap screws used for holding the movable contact 
tip in place. The pull at the instant the paper can be moved is the 
initial contact tip pressure. To measure the final tip pressure, insert 
the paper between the movable tip and its outer stop, pulling down 
on the spring until the paper is held securely. Then gradually re¬ 
lease the tension on the spring balance. The pull at the instant the 
paper can be moved is the final tip pressure. 

Tip Gap and Wear Allowance. If a contactor has to be dis¬ 
assembled for any reason, the tip gap and wear allowance should 
both be checked after the contactor has been reassembled to insure 
that they come within the limits given under Contactor Data. 

The tip gap is the distance between the tips when the con¬ 
tactor is open. 
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The wear allowance (or ‘wipe”) is a measure of the armature 
movement after the tips touch. It is the distance the movable tip 
travels when moving from one stop to the other, measured at the 
line of final contact 

Magnetic Contactors (Types 17CM12 or 17CM15) Location 
and Function. These are used in the traction motor field shunting, 
the engine cranking, the battery charging, the generator field or the 
exciter field circuits. Electrical interlocking assures that they operate 
in their proper sequence. 

Description. These contactors are light weight, single pole, 
magnetically operated with a bent-up frame construction and using 
a straight armature with rocker bearing. The contactor must be 
mounted with its supporting base in a vertical plane and with its 
contact tips up. 

Where necessary, the contactors are provided with blowout 
coils and arc chutes to assist in rupturing the arc. The arc chute 
is easily removed, thus making the contact tips readily accessible. 

Inspection. The contactor should be manually operated during 
inspections to detect any mechanical difficulties. Care should be 
taken that all circuits are de-energized and the battery switch is 
open before manually closing or doing any work on the contactors. 

The copper or alloy contacts should be kept clean and if they 
become burned or pitted, they should be dressed up by light ap¬ 
plications of a fine file. Extreme care should be taken to insure 
that full line contact is obtained across and between the two tip 
surfaces after filing. If tlie tips are too badly pitted, they should be 
renewed. 

Maintenance. The type 17CM12L4 contactor has silver faced 
contacts which should require little attention. If cleaning becomes 
necessary use a clean, lintless cloth wet with carbon tetrachloride or 
use a fine file, not sandpaper or emery cloth. Sandpaper or emery 
will leave harmful grains in the contact surfaces. 

The contact tip final pressure should be checked periodically. 
To do this, insert a thin piece of paper between the contacts, fully 
close the armature either mechanically or by energizing the operat¬ 
ing oil and attach a spring balance (with wire or string stirrup if 
necessary) to the head of the screw holding the movable contact 
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tip. The balance should then be pulled, perpendicular to the line 
of contact, until the paper can be easily moved. The pull at the 
instant the paper can be moved is the contact tip final pressure. 
See Fig. 19. 

The tip gap and wipe of the contact tips should be checked 
periodically. The tip gap is the distance between tips when the 
contactor is fully open. The wipe, which is measured at the line of 
final tip contact, is a measure of the armature movement after the 
tips touch. It is the distance that the movable tip would move from 



Fig 19. Method of Measuring Final Contact Tip Pressure on GE Transportation 
Type Magnetic Contactors 


its position as it just touches the fixed tip to the position it would 
assume were the fixed tip not in place when the armature is fully 
closed against its stop. 

The contactor is provided with an adjustable armature spring 
to obtain positive opening when the operating coil is de-energized. 
This spring was properly adjusted at the factory and should not re¬ 
quire any further adjustment. In the evenc a contactor is dis¬ 
assembled or the adjustment is otherwise disturbed, the operating 
coil should be connected to a variable voltage source and the pick¬ 
up current checked against that specified under Tables 14 and 15, 
Contactor Data. 



TABLE 14. CONTACTOR CONTACT DATA 
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Values at 70 lb. air pressure. 
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The copper or alloy contact tips should be renewed when 
worn half-way through. The silver faced contacts of the 17CM12L4 
contactor should be replaced when the silver facing has worn 
through. The braided copper shunt, which carries the current from 
the moving contact to the contactor terminal, should be inspected 
periodically and renewed before it becomes badly worn or broken. 

interlocks* Some of the contactors are provided with electric 
interlocks. 

Those used on the magnetic contactors consist essentially of a 
contact bar or bars attached to the contactor armature through in¬ 
sulation and contact fingers which are attached to the contactor 
frame through insulation. Contact pressure, contact wipe and tip 
gap or break should be checked periodically. It should seldom be 
necessary to check the exact pressure except when a contact is sus¬ 
pected of being faulty. Wipes, pressures and breaks are given under 
Interlock Data. Both the stationary and moving contacts are silver 
faced and should require very little attention. If any cleaning is 
necessary, use a clean, lintless cloth wet with carbon tetrachloride oi* 
use a fine file, not sandpaper or emery cloth. Sandpaper or emery 
will leave harmful grains in the contact surface. 

The sliding type of interlock is used on the 17PC2 contactors 
and consists of contact segments and contact fingers which are 
attached through insulation to the contactors. Contact pressure 
should be checked periodically. The contacts should be kept clean 
and free from pitting. Replace fingers when they are worn half¬ 
way through. 

Refer to Table 16 Interlock Data for adjustments and cross ref¬ 
erence to devices interlocks are used with. 

Electro-Pneumatic Reverser (Type ME-57-A5 or E5) Func¬ 
tion. The reverser changes the connections to the traction motors 
fields and thus reverses the direction in which the motors will rotate. 

Description. It is operated by a double cylinder -air engine 
controlled by two "on” type magnet valves. The reverser is inter¬ 
locked so that it cannot be operated except with the motor con¬ 
tactors open. As the reverser does not break any current, there 
should be no burning of the contacts. Any roughness that may de¬ 
velop due to other causes should be removed with a file. 
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TABLE 16. INTERLOCK DATA 



Used On 


Tip Gap 
or Break 

1 

1 

Tvpe ! 

1 Symbol 

Wipe 

1 Pressure 

17AF4A3 

17CP2 

S. SP2 

f 

t 

1 

2 to 5 lb. 

]7AF4A4f 

17CP2 

SP2 

' i 

^ f 

1 

2 to 5 lb. 

1TAF14H1 

17CM12L4 

* 

^ 3/32 to 
4/32 in. 

' 7/32 to 

1 9/32 in. 

over 8 oz. 

17AF14H3 

17CM12J17 

GSl 

3/32 to 
4/32 in. 

1 7/32 to 1 
1 9/32 in. 

over 8 oz. 

17AF14H9 

17CM12J17 

CS2 

3/32 to ' 
4/32 in. 

7/32 to 
9/32 in. 

over 8 oz. 

17AF1‘^F9 

17CM15AA12 


3/32 to 
4/32 in. 

4/32 to 
6/32 in. 

over 8 oz. 

1 

17AF14F3 

17CM15AA12 

GF 

f 3/32 to 

1 4/32 in. 

4/32 to 
6/32 in. 

over 8 oz. 

17AF14K1 

1TCM15CC38 

EF 

! 3/32 to 
4/32 in. 

7/32 to ! 
8/32 in. I 

over 8 oz. 

I 

17AF14F1 

t 

17LV40H9 

GR 

3/32 to 
4/32 in. 

1 

3/32 to 1 
4/32 in. 

over 8 oz. 


*InttrIotks are listed m the order m which they appear in the “List oi Apparatus" 
on the Locoinotue Wiring Diagram. 

i For the 17AF4 inteilocks, the fingers must slide onto the segments at least in. 

and must not go within Vh m. of opposite side. There must be at least m. between 

finger and stop to give a minimum wear allowance of j'j in. 

Inspection and care. Frequent inspections should be made to 

guard against weak fingers, poor contacts and loose connections. 
The contacts should be cleaned when necessary and lubricated with 
a thin film of light, high temperature grease such as Stazrite No. 30 
or equivalent. The bearing grease cups should be kept filled with 
a good grade of cup grease and periodically tightened to insure that 
the bearings are properly lubricated. 

The reverser should be tested for operation by pressing the 
valve pins in the top of the magnet valves. If the operation is slug¬ 
gish and the segments and bearings are well lubricated, the cylin¬ 
ders and piston packings are probably dry and should be greased, 
using G-E PC Control Lubricant No. 2. 
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Sluggish action of the reverser may also be caused by sticky or 
leaky magnet valves. 

Main and control contact fingers should be periodically in¬ 
spected (and adjusted if necessary) to insure that the pressures are 
within the limits specified under Table 17. In all cases, it is neces¬ 
sary that good contact be made between the fingers and segments. 

About /8-in. wear is allowable on the main fingers while the 
control fingers should be replaced when worn half-way through. 



Reverser Finger Should Be Adjusted in the Following Manner: 

(a) Remove Cotter Pin, P. 

(b) Turn Screw S until space between Finger and Locking Plate at D is equal to 
This Distance Should Give a Pressure on the F’inger Tip between 15 lb. to 20 lb. 

when linger is new. 

(c) Insert Cotter Pin, P in Holes of Locking Plate and Screw. 


For adjustment of main fingers, refer to Fig. 20, 

Refer to the Instructions Under Magnet Valves for information 
on the valves used on this reverser. 

TABLE 17. TYPE ME.57A5 OR TYPE ME57-E5 REVERSER DATA 


1. Amperes continuous capacity (per motor circuit). 750 amp. 

2. Contact pressure for individual main fingers.15 to 20-lb. 

3. Contact pressure for control fingers. 2 to 5-lb. 

4. Magnet valve operating coil: 

(a) Catalog No. 3046106 

(b) Ohms Resistance at 25 C. 886 


Magnet Valves. These magnet valves are used to operate the 
reverser and the air operated contactors. They are all of the “on” 
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Fig 21 Enclosed Coil, “ON’* T>'pe Magnet Valve 


Exhaust valve, 
stem 



Exhaust port 
To cylinder 

From reservoir- 


Armature 

Magnet coil 
Magnet core 


Exhaust valve 
Valve seat 
■Inlet valve 


Cap plug 


Fig 22 Open Coil, “ON” Type Magnet Valve 
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type. The cross-sectional view of the enclosed coil valve is shown 
in Fig. 21, while Fig. 22 shows the cross-sectional view of the open 
coil valve. 

Description. This valve is of the double-acting type and has 
an inlet and an exhaust port, as well as a port for connecting to 
the operating cylinder. 

This valve is so constructed that when the coil is energized the 
exhaust port is closed and the inlet port is open, thus admitting air 





Fig 23 Enclosed Coil, “ON” Type Magnet Valve with Parts Cut Away and with 
Gauge Cat. 1499733 in Proper Place for Checking Valve Stem Travel 

from the reservoir to the operating cylinder. When the coil is 
de-energized the inlet port is closed and the exhaust port is open 
connecting the cylinder to atmosphere. 

Cleaning. When the valves are sticky, they should be washed 
with kerosene or other petroleum cleaner. Also pour a little cleaner 
through the magnet core to clean the valve seat. When valves are 
removed, care should be taken to insure that each valve is returned 
to its own seat, as each stem is ground to fit its own seat. 

When a new valve is installed, or when repairing a leaky valve, 
it must be ground in. After a good seat is obtained all of the grind- 



ALCO-GE DIESEL-ELECTRIC LOCOMOTIVES 


297 


ing material should be blown out with air and the valve washed 
with the above cleaner. When a large number of valves are to be 
ground, the cost may be reduced by using special reamers in the 
valves and valve seats before the valves are ground in. 

Measuring Air Gap and Travel. The air gap and travel of the 
magnet valve should be periodically measured. Gap gauge, (See 
Fig. 23 and Fig. 24) is arranged with four measuring gaps and 





¥ 


P'lK 24. Open Coil “ON” Type Magnet Valve with Gauge Cat. 1499733 in 
Proper Place for Checking Valve Stem Travel 

should be used for this check. This also applies to the adjustment 
of new valves. The measurements are made by removing the mag¬ 
net valve cover and armature. The 0.032-in. gap of the gauge is 
placed over the upper valve stem or plunger and pressed down. 
This should seat the exhaust valve; that is, air should not escape 
through the exhaust valve. If air passes through, new valves should 
be installed. 

The valve travel is stamped on the bottom surface of the cap 
plug on the magnet valve. 
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Installing New Valves. When installing new valves, the follow¬ 
ing measurements should be taken, using a gap gauge. Cat. 1499733. 

1. Place the 0.052-in. gap over the exhaust valve stem and press 
down. If the valve stem is of the correct length, the exhaust valve 
will seat and air will not pass through it and the legs of the gauge 
will rest on top of the magnet core. If these conditions are not 
satisfied, the valve stem should be lengthened or shortened. When 
the exhaust valve stem is found to be too short, it can be lengthened 
a trifle by carefully peening the upper end. 

After the exhaust valve seat has been ground in a number of 
times, it may be found that an exhaust valve stem of standard 



Fig. 25. Micrometer Dial Gauge for Adiustfng Magnet Valve. Adjusting Gauge Dial 
to Zero on a Flat Surface Before Use 


length is too short and the adjustment called for above cannot be 
obtained. In this case an over-length valve stem should be used. 
Valve stems will be found listed in the Supply Catalog, and are 
supplied Vie-in. longer than the ones furnished with new valves. 

2. Use 0.088-in. gap for valves with 0.036-in. travel; 0.104-in. 
gap for valves with 0.052-in. travel. Place the proper gap over the 
exhaust valve stem with the gauge legs resting on the magnet core 
top. If the inlet valve stem is of the proper length, the upper or 
exhaust valve stem will be flush with the gap surface and air will 
not pass through the inlet valve. If air passes through the inlet 
valve, remove a small amount from the inlet valve stem. If there is 
a space between the top of the exhaust (upper) valve stem and 
gauge gap, install an inlet valve with a longer stem. 

Checking Worn Valves. To check worn valves, place the 
0.032-in. gap over the exhaust valve stem and press down. If the 



ALCO-GE DIESEL-ELECTRIC LOCOMOTIVES 


299 


exhaust valve does not seat (that is air passes through the valve), 
install a new valve and take measurements as described above. 

In order to do this work quickly, it is advisable to remove 
the magnet valve from the apparatus. This can be done quite 
readily by taking out the two cap bolts near the bottom of the valve. 

A more accurate method of measuring valves is by the use of 
a standard micrometer gauge with a special fixture, and the method 
of using is illustrated in Figs. 25 and 26. This is especially con- 
\'enient where there are a large number of valves to be overhauled. 



Fig. 26. Method of Using Micrometer Dial Gauge on Magnet V’alves 

as the amount of material to be removed from new valves can be 
determined directly rather than by a cut and try process. 

The proper valve stem length as measured above the magnet 
valve core are as given above and under Magnet Valve Data, 
Tables 18 and 19. 

TABLE 18. MAGNET VALVES, WHERE USED 

Apparatus Used On 

17CP2K7 Contactors 
17CP2J3 Contactors 
17MK3L9 Throttle Mechanism 
17ME2A6 Sander Valve 
ME-57-A5, E5 or E6 Reverser 


Type or Cat No. 

17MV1A5 

17MV1A6 

17MV23A4 

TE-49-C2 

4758437 



TABLE 19. MAGNET VALVE DATA 
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tWhen using this gauge the feet of the gauge must rest on the magnet core. 
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Control Relay — CRl (Type 17LV40D6) Function. This relay 
in conjunction with the motor transfer and field shunting control 
relay controls the transition of the motor circuits from series to series 
parallel. 

Description. It is of the contactor type, having a rocker bear- 
ing type armature which carries a set of two contact fingers con¬ 
nected together. These fingers make contact with two stationary 
contact studs when die relay is de-energized and make contact with 
two other stationary contact studs when the relay is energized, thus 
providing one circuit in each direction. 

Adjustments. This relay was factory adjusted to pick up at 
0.130 amp. It should drop out at approximately 25 per cent of 
pickup. 

The pickup of the relay can be adjusted by changing the ten¬ 
sion of the hinged armature spring. Increasing the tension raises the 
pickup, while decreasing the tension lowers the pickup. 

Inspection. The relay should be periodically examined to in¬ 
sure that there are no loose or excessive worn parts. Inspect the 
terminals to insure that they are tight. 

The contacts of the relay are silver faced and should seldom 
require attention. If any cleaning is necessary, use a clean, lintless 


TABLE 20. TYPE 17LV40D6 RELAY DATA 


I. 


Contact Data 

(a) Tip Gap . 

(b) Wipe . 

(c) Minimum tip pressure . 

Coil Data 

(a) Cat. No. 

(b) Res. at 25 C. 

(c) Pick-up current (set to) 

(d) Dropout current. 


.... 7/32 to 8/32-in. 

.... 3/32 to 1/8-in. 

. 6 oz. 

. 2738184 

.270 ohms 

. 0.13 amp. 

approx. 259r of pickup 


cloth wet with carbon tetrachloride or use a fine file, not sandpaper 
or emery cloth. Sandpaper or emery will leave harmful grains in the 
contact surface. Replace contacts when the silver facing has worn 
through. 

The contact gaps and wipes should be checked periodically 
against the values given in Table 20. 
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Grounding Relay —GR (Type 17LV40H9) Function. This 
relay is used for grounding the negative side of the traction gen¬ 
erator and motor circuits. The relay and interlock contacts are con¬ 
nected respectively in the control circuits of the generator field and 
exciter field contactors. The relay was factory adjusted to pickup 
and lock out at 10 amps. 

Description. This relay is of the contactor type, having a 
hinged armature which carries two contact fingers connected 
together. These fingers make contact with two stationary contact 
studs when the relay is de-energized. The aimature latches close 
when the relay is energized and must be reset manually. 

The type 17AF14F1 Interlock at the bottom of the relay pro¬ 
vides an additional closed circuit when the relay is de-energized. 

Operation. When the relay picks up the cause should be deter¬ 
mined before the latch on the relay is tripped. Never trip the latch 
unless the controller is in the idling position. If it is found that 
the positive side of the generator-motor circuit has become per¬ 
manently grounded, it is possible to disconnect the grounding relay 

TABLE 21. TYPE 17LV40H9 RELAY DATA 


1. Contact Data 

(a) Tip Gap ... 12/32 to 13/32-in, 

(b) Wipe . 3'32 to 3/42-m. 

(c) Rating of contacts at (iOO volts. 0.08 amp. 

(d) Tip Pressure . 6-oz. minimum 

2. Coil Data v 

(a) Cat. No. 4739145 

(b) Res. at 25 C. . 0.0735 ohm 

(c) Pick-up current . (Set at) 10 amps. 


by means of the SPST knife blade switch and continue operation 
with the positive side of the circuit grounded, provided the gen¬ 
erators and motors have not been damaged. This connection is pro¬ 
vided for emergency use only and the normal connection should be 
restored as soon as possible. 

This relay is similar to the 17LV40D6 relay CRl and the same 
instructions on maintenance and adjustments will apply. 

Reverse Current Relay —RC (Type 17LC19D5) Function. 
This relay is used to control the batteiy charging contactor. The 
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operating coil of this contactor will be energized when the auxiliary 
generator voltage is greater than battery voltage'and will be de¬ 
energized when the auxiliary generator voltage is less than battery 
voltage. 

Description and Operation. The relay consists of three coils 
on three magnetic cores mounted on a common steel base. A flat 
knife edged steel armature pivots around the center core causing 
contact to be made. There are special accurate machined fixed air 
gaps at the bases of the lower two cores. A compression spring 
returns the armature to the de-energized position while a non¬ 
magnetic stop screw limits the travel when energized. The top or 
shunt coil is connected across the charging generator armature in 
series with resistance which is partially shorted out by aciormally 
closed interlock on the battery charging contactor for pickup. The 
middle or series coil is connected in the main circuit between the 

TABLE 22, TYPE 17LC19D5 RELAY DATA 

1. Contacts (Adjustment) 


(a) Tip Gap . 1/16-in. 

(b) Wipe /. 1/16-in. 


Coils 

Slmnt I 

Series 

Differential 

(a) Cat. No. 

4739205 

6724050 

4739206 

( b) Rts. at 25 C. 

29.4 

.00287 

279 

(c) Pickiip . 

Battery -f 3 

0 

3 \’olts or less 

1 

(d) Drop out . 

72 \olts 

8.5 amps or less 

0 


generator and the battery. The lower, or differential coil is con¬ 
nected across the battery charging contactor contacts with a resistor 
in series. This resistor is part of the resistor in series with the shunt 
coil. 

The polarity of the shunt and differential coils is so arranged 
that with the auxiliary generator voltage less than battery voltage, 
the magnetic flux in the differential core will be additive, thus seal¬ 
ing the armature in the open position and thereby preventing the 
battery charging contactor from closing. When the auxiliary gen¬ 
erator voltage becomes higher than the battery voltage, the mag¬ 
netic flux reverses and breaks the seal, thus allowing the armature 
to move to the closed position and operate the battery charging con- 
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tactor. This operation will occur when the auxiliary generator 
voltage is 3 volts (or less) greater than the battery voltage. 

Mounting, The relay is mounted with the axis of the coils hori¬ 
zontal and with the contacts down. 

Coil Settings, Slight changes in the setting may be made with 
the armature compression spring, but it is mainly determined by the 
air gaps in the differential and series cores. These air gaps are set at 
the factory and should require no attention. The 3 volts differential 
required to operate the relay is nearly constant over the entire 
range of expected battery voltage. When the battery charging con¬ 
tactor is picked up, its interlock inserts resistance into the shunt coil 
circuit. The series coil is so connected that while current is flow¬ 
ing from* the auxiliary generator to the battery it will aid the shunt 
coil in holding the armature in the closed position. However, when 
the auxiliary generator voltage decreases below the battery voltage 
and the current reverses, the shunt and series coils will buck out the 
armature, thus opening the battery charging contactor. This value 
of “buck out"^ current may be increased by backing out the arma¬ 
ture stop screw and decreased by running the stop screw in. When 
decreasing the buck out current with the stop screw, care must 
be exercised that the current is not lowered to the point where 
pumping will occur on pickup of the relay. 

Adjustment Procedure. The relay is adjusted for the following 
sequence and current value. 

1. Apply 0.14 amperes to differential coil. 

2. Apply 0.567 amperes to shunt coil. 

3. Decrease differential coil amperes to zero, reverse, and 
pickup should occur at less than .008 amperes. To make slight ad¬ 
justments use compression spring. 

4. Open differential coil circuits, and decrease shunt coil 
amperes to obtain drop out at 0.079 amperes by adjustment with 
stop screw. 

5. Apply 0.135 amperes to shunt coil, pick up armature by 
hand, then check that less than 8.5 amperes in the series coil will 
“buck out” the armature. 

The relay should be inspected periodically to see that the arma¬ 
ture is free from binding. The contacts are silver faced and should 
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require little attention. If it becomes necessary to clean the con¬ 
tacts, use a clean, lintless cloth wet with carbon tetrachloride or use 
a fine file. Do not use sandpaper or emery cloth as they will leave 
harmful grains in the contact surface. 

All of the coils can be removed from the front of the relay by 
first removing the two screws at the top of the center core. If the 
cores are removed care should be taken so that the bases of the 
cores are not damaged. 

Traction Motor Transfer and Field Shunting Control Relay— 

V (Type 17LC18E2) Function. This relay is provided to contiol 
the traction motor connections and field shunting contactors. It 
automatically transfers the motors from series to series-parallel.and 
operates the field shunting contactors at the proper time providing 
the master controller handle is in the full forward or full reverse 
position. 

Description. An insulated base supports an inverted T-shaped 
magnetic frame to which a double acting balanced armature is 
pivoted. Each end of the armature has an adjustable plunger, each 
plunger being acted upon by a separate coil attached to the frame. 
The armature carries 2 insulated blocks with a normally open con¬ 
tact finger attached to each block. The outer end of the frame sup¬ 
ports an insulated block to which the stationary contacts and arma¬ 
ture spring are attached. 

Mounting. The relay is mounted with its base vertical and with 
the armature spring below armature hinge pin. 

Operation. With both coils de-energized the contacts are held 
in the open position by the armature spring, which forces the lower 
plunger against its core. The upper (shunt) coil is connected, in 
series with suitable external resistors, across the traction generator 
armature and tlius its current is proportional to generator voltage. 
The lower (series) coil is connected in parallel with the traction 
generator and exciter series field windings and its current is propor¬ 
tional to generator current. With no current in the series coil, the 
relay operates as a simple potential relay, with the armature spring 
being the only opposing force. When the series coil is energized, it 
also opposes the shunt coil and thus increases the shunt coil cur¬ 
rent required to operate. Thus the relay will operate at relatively 
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low voltage with no load on the generator and the pickup voltage 
increases rapidly with increasing generator current. 

Calibration, Mount the relay with base vertical and armature 
spring below annature hinge pin and proceed as follows: 

1. Adjust both movable plungers so that with both plungers 
touching their fixed cores, the finger insulation blocks have the 
same clearance from the coils. Then back out each movable plunger 
two complete turns and lock with locking nut. 

2. Adjust contact tips to have Yi^An. wipe when upper plunger 
is held against its core (but armature to stop on core and not on 
finger shield). The tip gap must be at least Vio-in. 

3. Connect the operating coils to suitable power supply 
through individual adjustable resistors, making sure that the polarity 
is the same as shown on the wiring diagram (diagonally opposite 
terminals should have the same polarity). 

4. Adjust the current in the series coil to 1.0 amperes and then 
adjust the armature spring until the relay will pickup (close its 
contacts) at .157 amperes in the shunt coil. With 1.26 amperes in 
the series coil, the drop out current should be from .030 to .040 
amperes. With relay set for the above pickup and drop out, the 
relay should pick up with zero series coil current at .052 to .058 
amperes through shunt coil and drop out with zero series coil cur¬ 
rent at less than .020 amperes. If relay operation does not meet 
the above values, the upper plunger and the armature spring should 
be adjusted to obtain these values. If any change is made to plunger 
position or spring setting, all of the above four sets of operating 

TABLE 23. TYPE 17LC18E2 RELAY DATA 

]. Contact Data 

Min. tip wipe . 1/16-in. 

Min. tip gap. 1/16-in. 

2. Operating Coils 

Operating coils . Shunt Coil . Series Coil 

Resis. at 25-C.*. .. 4739102 . 4739103 

Cat. No. 550-ohms . 1.41-ohms 

values should be checked. No adjustments should reduce the tip 
gap and tip wipes below the minimum limit of Vio-in. and no ad¬ 
justment should cause the relay armature to stop any place except 
on the relav cores. 
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5. Check all adjustments to insure that all locking nuts are 
properly tightened. 

Maintenance. Operate the relay manually several times to 
insure that the armature moves freely on its pivot and that the 
armature is returned positively to its open position with its lower 
movable plunger striking its stationary core. Also check that^with 
the armature in the open and closed position that there is a mini¬ 
mum of Vie-in. between the armature counter-balance edges and the 
operating coils. A slight amount of play in the pivot is permissible, 
but in no case should this be sufficient to permit the plungers to 
rub against the sides of the coils. Check contact fingers for proper 
wipe and gap. The contacts are silver faced and should seldom 
require attention. If any cleaning is necessary use a clean, lintless 
cloth wet with carbon tetrachloride, or use a fine file, not sandpaper 
or emery cloth. Sandpaper or emery will leave harmful grains in 
the contact surface. 

Current Limit Signal Relay CL (Type 17LS7C3) Function. 
Operation of this relay lights the signal light warning the engineers 
that the equipment is overloaded. 

Description. This type of relay consists of a series operating 
coil mounted upon an open type magnetic structure and has a 
light-weight counter-balanced operating mechanism with small 
travel to obtain rapid operation and accurate adjustment. The 
hinged armature, which carries an adjustable core, has a contact arm 
which is arranged to make contact with either of two stationary con¬ 
tact studs. An adjustable armature spring is provided. 

Adjustment. The relay coil is connected in series with the tiac- 
tion motor circuit. It was factory adjusted to pickup at 700 amps, 
for the 660 hp. unit and 900 amps, for the 1000 hp. unit. 

The contact tips should have %4 to % 4 -in. gap. The wipe 
should be at least 

Inspection. This relay is similar to the type 17LV24E1 and the 
same instructions and adjustments will apply. 

Voltage Control Relay —(Type 17LH22C1) Mountirig. The 
cabinet where the relay is installed should be well ventilated and 
reasonably free from dirt, moisture, and oil vapors. The coils and 
resistors dissipate 250 watts. 
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The cover is positioned at the top by two locating pins, and 
fastened at the front bottom by a half turn bayonet type fitting. 
Sufficient space should be left for removal of the cover and for access 
to the contacts. 

Application, The relay is a dynamic type, voltage regulating 
device, equipped with a counterweight for smooth operation under 
rough track conditions. Constant voltage is held on the auxiliary 



generator unit of the GMG-139-A exciter-auxiliary generator set, 
over the normal speed and load range. See Fig. 27. 

An ample resistance range of from 90.4 to 0 ohms is provided. 
Table 24 illustrates average conditions for a nominal 76-volt setting. 

Description. Fig. 28 shows the assembled relay. Fig. 29 the 
operating mechanism. Fig. 30 the floating coil and supports, and 
Fig. 31 a cross section view of the magnetic structure. Internal con¬ 
nections are made with asbestos covered solid copper conductors. 

The central core holds the fixed coil inside the steel tube. Four 
spring steel fingers position the floating coil in the circular air gap. 
These fingers permit frictionless longitudinal coil motion, but resist 
sideward displacement. 
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TABLE 24. 76 VOLT SETTING FOR VOLTAGE CONTROL RELAY 


.. ....... .. .T 

Auxiliary Generator 

Relay 

Armature 

Shimt Field i 

EflFective 

No. of 

Speed 

Volts 

Load 

Temp. 

Res. 

Average 1 

Resistance 

Ohms 

Contacts 

Closed 

R.p.m, 


Amps. 

C. 

Ohms. . 

Amps. 



1750 

76 

0 

25 

10.81 

0.93 

68.5 

1 

1750 


66 

75 

12.9 

1.02 

61 

2 

595 


0 

75 

12.9 

3.25 

9.5 

10 

595 


,66 

75 

12.9 

3.98 

5.45 

12 


A pair of external tension springs hold the floating coil in its 
outward position. The front spring rod links the counterweight to 
the floating coil. 

A wedge shaped contact bar is carried by the floating coil. The 
bar has a slope such that successive hinge type, stationary contact 
fingers are commutated progressively as the floating coil moves in 
or out 

OPERATION. 1. Connections. Fig. 32 shows the funda¬ 
mental schematic connections. The auxiliary generator shunt field 
is separately excited from the locomotive battery through the relay 
field resistors and contacts. 

The relay voltage responsive circuit is that through the floating 
coil shunt winding and the control resistors. This is connected 
across the auxiliary generator armature. The current in this circuit 
is proportional to the auxiliary generator voltage. For convenience 
in operating, the fixed coil is connected in parallel with the floating 
coil. 

2. Control of Voltage. When the fixed coil is energized, lines 
of magnetic flux are set up in the magnetic structure and these 
same lines pass across the circular air gap in which the floating 
coil operates. 

The current in the floating coil creates a motive force tending to 
move the coil inward against the tension springs. The amount of 
tension fixes the current required to move the coil. The amount of 







VOLTAGE adjustment 
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control resistance in circuit determines the voltage needed to create 
this current, and fixes the relay voltage calibration value. Adjust¬ 
ment is made by means of the dial rheostat provided. 

Whenever the auxiliary generator voltage exceeds the calibra¬ 
tion value, the floating coil moves inward, carrying the contact bar 
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FIXED COIL 


DRIVE PIN 


COUNTERWEIGHT 


SUPPORT 


Fig 29 Operating Mechanism of Voltage Control Relay for Auxiliary Generator 


away from successive contact fingers, until sufficient resistance has 
been cut into the shunt field circuit to restore the voltage to normal. 
The opposite action takes place upon a decrease in voltage. 

At any fixed speed and load the floating coil remains stationary, 
except where a field resistance value is required midway between 
that obtained from neighboring contacts. This condition is satisfied 
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by a pulsating coil movement that rapidly opens and closes one of 
the contacts to obtain the desired effective resistance. 

3. Stability, Unnecessary overshooting and complete absence 
of pumping is obtained by the loose coupling of the floating coil 
to the auxiliary generator shunt field through the stabilizing resis¬ 
tors. 
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_COUNTERWElGHT 

DRIVE BLOCK 


Fig. 30. floating Coil and Supports of \ oltagt Control R( la> lor Auxiliai> C.tntrator 


The induced field voltage, occurring when a contact opens or 
closes on the bar, forces a corresponding change in flcfating coil 
current in a direction opposing further coil movement. Good stabil¬ 
ity is obtained over a wide range of stabilizing resistance. 

The positive ends of the floating and fixed coils are separated 
by a small amount of resistance for further aid to stability. This 
is obtained by a tap near the end of the stabilizing lesistor unit. 




TABLE 25. HOT AND COLD RESISTANCES OF RELAY COILS AND RESISTORS 
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5.3 


ffi 

TJ 
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4,26 
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0.61 

0.281 
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1.225 

1.55 
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28.1 
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96*0 

0.93 

0.46 
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0.432 

0.028 

1.145 

1.58 

1.58 

u 

10H 




Ohms 

12.9 

90.4 Max. 
OMin. 
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100 Max. 

75 Max. 
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8 Max. 





Number of Relay Contacts Closed i 
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Cat. 4737970 

See Fig. 37 

Cat. 4739182 

Cat. 
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See Fig, 37 
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4, Compensation, The relay is compensated for flat voltage 
regulation over its entire range, under average conditions, by means 
of a small series winding on the floating coil. This winding carries 
auxiliary generator shunt field current, and is wound with opposite 
polarity to that of the shunt winding. 

The series winding bucking effect is proportional to the num¬ 
ber of contacts closed on the contact bar, and to the steady state 
voltage across the field. 

This bucking effect is proportioned to balance out under aver¬ 
age conditions, both the opposing pull on the coil from the contact 



Fig. 31. Magnetic Stnicture of Voltage Fig. 32. Fundamental Connections of 
Control Relay for Auxiliary Generator Voltage Control Relay 


finger compression springs, and the steady state exchange current 
between the field and the coil through the stabilizing resistors. 

Since the series winding is fixed, adjustment of compensation 
on individual relays is made by means of a second dial rheostat con¬ 
nected in the stabilizing circuit. This adjustment has the greatest 
effect at engine idling speed. 

5. Temperature Error, Any increase in the voltage calibration 
value caused by the increase* in fixed and floating coil resistance due 
to temperature, is nullified by the potentiometer action of the 
parallel connection of these coils. As the fixed coil resistance in¬ 
creases with temperature, an increased voltage is automatically 
provided for the floating coil, with resultant correct floating coil 
current irrespective of temperature. 
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6, Counterweight. The counterweight nullifies any effect on 
the floating coil from the motion of the locomotive. The lost motion 
provided within the counterweight imposes no appreciable restraint 
on any quick movement required of the floating coil, as during a 
sudden change in auxiliary generator speed or load. 

REFERENCE DATA. Table 25 lists the cold and hot resis¬ 
tances of the relay coils and resistors. Shown also are the currents 
and voltages to be expected around the relay circuits at the normal 
generator speeds and loads. Intermediate values may be expected at 
intermediate speeds and loads. 

ADJUSTMENTS. 1. Voltage Setting. For greatest accuracy, 
allow the relay coils to reach normal operating temperature before 
making adjustments. 

Connect an accurate voltmeter across relay terminals A4- and 
A—. Operate the engine at top speed and adjust the right-hand dial 
rheostat for the desired voltage. 

Next, operate the engine at normal idling speed and adjust the 
left-hand dial rheostat for the desired voltage. 

Both rheostats can be set and locked in place by means of a 
screw driver inserted through the slots provided in the cover. 

The normal voltage setting for a 32-cell lead battery is 74 to 
76 volts, subject to modification under different service conditions. 
Refer to the battery manufacturer’s instructions for details. 

2. Floating Coil Springs. On relays built prior to Sept., 1940, 
the back spring only is adjustable. On relays built after Sept., 1940, 
the front spring only is adjustable. The setting should ordinarily 
not be disturbed. Should conditions result in insufficient range in 
the high-speed rheostat adjustment, or should the springs be dis¬ 
turbed during repairs, the correct setting is made as follows. 

After the relay coils have warmed up, operate the engine at 
high speed. Position the high speed rheostat at the center of its 
travel. Remove the relay cover and adjust the front spring so that 
the desired voltage is held. Replace the cover and check the voltage, 
adjusting the high speed rheostat if necessary. Next, run the engine 
at idling speed and set the idling rheostat for the desired voltage. 

The rear spring on relays built prior to Sept., 1940 is adjusted 
by turning the threaded spring rod, using a screw driver in the slot 
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in the end of the rod. Loosen the locknut before turning the rod. 

The front spring on relays built after Sept., 1940 is swiveled at 
its upper end and threaded on the spring rod at the lower end. 
Loosen the locknut and revolve the spring on the rod to change the 
tension. 

See Table 25, Column D, for the current to be expected in the 
floating coil shunt winding with the correct spring adjustment. 



Fig. 33. Contact Details With Floating Coil at Inside End of Travel, 
Voltage Control Relay 


3. Stabilizing Resistor. An adjustable contact clamp is pro¬ 
vided on the blue enameled stabilizing resistor at the left of the 
operating mechanism. The positive side of the floating coil shunt 
winding is connected to this contact clamp. It should be set so that 
exactly 15-ohms are in circuit from the end of the unit. 

4. Magnetic Compensating Plug. Differences in the magnetic 
circuits on individual relays are compensated for by means of a 
compensating plug screwed through the upper face of the floating 
coil. The plug was set and locked at the factory and should not be 
disturbed. In case of floating coil replacement, install the plug in 
exactly the same position in the new coil. If the plug is screwed 
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in too far, the relay will hold a low voltage at hfgh speed, and some 
pumping action may result. 

5. Counterweight. The counterweight drive is normally ad¬ 
justed so that the weight is horizontal at the middle of its travel. 
Adjustment is made by screwing the ball bearing drive block up or 
down on the front spring rod with the drive pin removed. 

6. Contacts. A slope is provided on the contact bar. This re¬ 

quires 0.084-in. floating coil travel to operate the 7 pairs of contacts. 
Additional travel of is provided, half of which is used for 

break at the inside contacts, and the other half for wear allowance 
at the outside contacts. 

Inward coil travel is limited by the fixed internal floating coil 
stop. Outward travel is limited by the position of the finger blocks, 
the front floating coil finger supports stopping on the bottom of the 
blocks, point A in Fig. 33. 

To check for proper travel and contact break, push the coil to 
its extreme "in” position, holding it there with a screw driver in¬ 
serted at point A. Gauges of the thicknesses shown in Fig. 33 
should slide in between the bar and each of the opposite end pairs 
of contacts. 

To check for proper wear allowance, release the coil to its 
extreme "out” position and observe that the indicated wear allow¬ 
ance is obtained on each of the opposite outside pair of contacts. 

The removable contact bar is fixed in position on its supports 
and is not adjustable. 

Correction of travel, break and wear allowance is made by 
moving individual contact finger blocks in or out from the pole 
piece casting, by adjustment of the supporting studs. Blocks may 
be tilted slightly if necessary. See Fig. 33 for complete information. 

Contact fingers are interchangeable. Note especially the order 
of assembly of the shield, finger, terminal, washer, lockwasher, and 
screw. Incorrect order of assembly will throw a contact finger out 
of line. Check each finger after installation for free hinge action. 

Move the floating coil slowly in and out by hand. Observe tliat 
the fingers on each block contact the bar in regular sequence. Note 
also that opposite pairs of fingers contact the bar at approximately 
the same time. Exact synchronism is unnecessary. 
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MAINTENANCE. 1. Contacts. The silver alloy contact ma¬ 
terial used on the bar and fingers is specially processed for long 
life and complete freedom from sticking. Good contact is obtained 
regardless of the degree of burning or blackening. 

However, in time, sufficient material may transfer from a finger 
onto the bar, or vice versa, to upset the mechanical sequence in 
which the contacts make or break. 

It is then desirable to remove the transferred material by a few 
strokes of a clean, fine file so as to restore the original surface. It 
is not necessary or desirable to file out the corresponding craters. 



Fig. 34, Method of Assembly of Coil Supports for Voltage Control Relay, 
Tjpe 17LH22C1 


Never use abrasives, such as emery or carborundum, since the fine 
abrasive particles become imbedded in the silver alloy and interfere 
with the making of good contact. 

The transferred or built up material on the contact surfaces 
should normally be removed after each 1500-hours of operation, 
unless experience dictates otherwise. 

Do not replace a contact finger without making certain that 
possible projections of built up material have been removed from 
the corresponding surfaces of the contact bar, to avoid improper 
sequence of contact operation. 

Wlien individual contact fingers show signs of severe burning 
or blackening, the reason should be determined and remedied. The 
most frequent causes are the failure of the adjacent contact finger 
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to make good contact with the bar due to imbedded foreign par¬ 
ticles, excessive dirt or oil; or to a broken resistor connection. 

When replacing the contact bar, make sure that the slope is 



in the proper direction as indicated by the words “front” and “back” 
stamped on the ends of the bar. 

After such removal of a bar or finger, check the sequence of the 
gaps as the floating coil moves in or out. See Fig. 31 for details. 

2. Floating Coil, Check the floating coil at regular intervals 
for central location in its air gap. The normal clearance is approxi¬ 
mately ViG-in. at all points. If this clearance appears to be appre¬ 
ciably less, the cause should be ascertained and correction made, to 
avoid possible error in the electrical setting. There should be no 
rubbing or friction in any moving part at any point in the normal 
travel. The floating coil springs should operate clear of all sta¬ 
tionary parts. 

Examine the spring steel supporting fingers and the flexible 
braided copper shunts for mechanical damage or possible corrosion. 

Check the attaching screws at both ends of the supporting 
fingers for tightness. 

3. Counterweight, Check the weight at regular intervals for 
absence of friction or binding, and see that the compression spring 
and spring post at the front of the brass block are in good order. 

Check the ball bearing in the drive block. The bearing may be 
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TABLE 26. RESISTANCE DATA FOR VOLTAGE CONTROL 
RELAY RESISTOR UNIT 


Section 

No. of 
Tuinst 

Ohms 

1 (Approx. Length) 


A 

8 

13.35 

1 0.0142" Dia. x 8 Ft. 

!_ 

0" 

B 

6 

10 

0 0142" Dia. X 8 Ft. 

0" 

C 

7 

7.35 

0.0179" Dia. X 4 Ft. 

0" 

D 

8 

5.44 I 

0.0226" Dia. x 4 Ft. 

6" 

E 

9 

3.87 

0 0285" Dia. x 6 Ft. 

0" 

F 

11 

1 2.97 

0.036" Dia. X 7 Ft. 

0" 

G 

13 

2 21 

0.045" Dia. X 8 Ft. 

0" 

II 

21 

17.8 

0.0201" Dia. X 11 Ft. 

6" 


t Material—Nickel Alloy GE Material No. B21C2A. 


removed, if necessary, and the shields taken out for cleaning and 
lubricating. Use a high grade light oil. SAE-IO-W used sparingly. 
Do not use grease, 

4, Coil Replacement. It is advisable to remove the relay to a 
bench when replacing coils. Refer to Figs. 28, 29, 30, 31, and 32^ 
for structural details. Figs. 34, and 35 show the order of assembly 
of the various parts in the floating coil supports. 

To remove the fixed coil, disconnect the coil leads. Remove 
the cx)unterweight drive pin. Removal of the two bottom square 
headed tie bolts will permit removal of the counterweight and its 
supporting bracket. Removal of the two top tie bolts will permit 
removal of the relay back plate, steel tube, central core and core 
head, and the fixed coil, all as a unit. 

To remove the coil itself from this assembly, separate the 
back plate from the core by removing the attaching bolt. 

A tab bent out from the fixed coil spool, engages in a hole in 
the back plate to prevent the coil from turning. 

The core head is threaded on the core and was adjusted and 
locked at the factory in the best position for proper operation. 
Locking is by means of a hollow headed set screw and copper plug. 

In case the core adjustment is disturbed, it should be reset at 
the dimensions shown in Fig. 31. 
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To remove the floating coil, first remove the counterweight and 
bracket, back plate, steel tube, central core and core head, and fixed 
coil as an assembly, as described above. 



Res is'TANCs (Ohms) Op Each Halp Op Rcupy' Resistor O/u/i; 
Measured Betweeh ComtactBar S Hcrminal Qf0R F-*-) W/thEkternal. Leads 
Oiscohhectco.As Successive Contact Fingers Ccose Oh The Contact Bar 



For Total Relat Resistance, A/Tultirlt Above Values Bt £, 


Coil Data 


Circuit 

1 


\PtKEo Coil _ 


1 iimam 

lO./S 



/ 4 . 



O.EAF 


Fig. 36. Connection Diagram for Voltage Control Relay, Type 17LH22C1 
* Where cables pass through metal base, add supplementary insulation as follows: 
2 wraps of Vz lap varnished cambric, 1 wrap of Mi lap friction tape, 1 wrap of thin fiber. 

***QFK-5901208G2 in back of base on relays prior to July 1941 with compound base. 
QLK-5901245G2 m front of base on relays after July 1941 with metal base. 

Next, remove both stationary contact finger blocks and the con¬ 
tact bar. Remove the contact bar support and disconnect the float¬ 
ing coil shunt winding lead. Remove the two screws which fasten 
the front cross support to the floating coil. 
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Remove the screws and hardware which fasten the stationary 
end of the bottom floating coil support fingers to the pole piece 
casting. The coil then can be removed from the pole piece casting 
as a unit. 

The supporting fingers can then be removed from the coil. 
Note that the insulated connections are made through terminals 
and shunts which are soldered to the ends of the coil windings. 
These should be unsoldered and used again on the replacing coil. 

Fig. 36 shows the internal relay connections. 

Wheel Slipping Signal Relay— WSi, WS2 (Type 17LV24E1) 
Function. These relays are connected to measure the difference in 
voltage between the traction motors in each truck. In the event 
either wheel slips, its motor voltage increases, while the voltage on 
the other motor decreases. This difference in voltage causes the 
relay to operate and energize the buzzer. 

Description. This type of relay consists of an operating coil 
mounted upon an open type magnetic stmncture and a hinged 
armature that protrudes into tlie center of the coil. The annature, 
which carries an adjustable core, has a contact arm which is 
arranged to make contact with either of two stationary contact studs. 
An adjustable armature spring is provided. Due to the small size 
and to the small movements involved, the power required for oper¬ 
ating this type of relay is very small. 

Operation. When the operating coil is de-energized the cali¬ 
brating spring pulls the upper end of the armature inward and 
closes the back contact. When the operating coil is energized suffi¬ 
ciently to overcome the calibrating spring, the upper end of the 
armature is pulled outward and closes the front contact. 

Adjustment. These relays are adjusted to pick up at 0.05 amp. 
and to drop out at approximately 90 per cent of pick-up. 

The operation of these relays should be checked periodically. 
The pick-up setting can be changed by adjusting the ten§ion of the 
calibrating spring, increasing it to raise the pick-up and decreasing 
it to lower the pick-up. The drop-out setting can be changed by 
adjusting the position of the movable core attached to the armature, 
screwing the core in to lower the drop-out and backing it out to raise 
the drop-out setting. The pick-up setting should alwavs be 
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re-checked after changing the core position. After final settings are 
obtained make sure that the locknuts on the core and spring are 
properly tightened. 

Inspection. These relays should be periodically inspected to 
insure that there are no loose or excessively worn parts and to insure 
that all moving parts are free from binding. A slight amount of 
play in the hinge pin bearing, both endwise and radially is permis¬ 
sible. Also see that the armature core moves freely in the opening 
in the operating coil. 

The contact tips should have % 2 **li^* % 4 -in. gap and must be 

kept within these limits by adjusting the stationary contact tips. 

The contact tips are made of tungsten and should seldom 
require any attention. If any roughness develops, the projections 
should be removed by drawing a fine file lightly across the sur¬ 
faces. It is not necessary to file out depressed surfaces. 

TABLE 27. TYPE 17LV24E1 RELAY DATA 


1. Contact Data 

(a) Tip Gap . 1/32 to 3/64-in. 

2. Coil Data 

(a) Cat. No. 2738640 

(b) Res. at 25 C. 525 ohms 

(c) Pickup Current (set to). 0.05-amp. 


(d) Drop-out Current . approx. 90% of pickup 

Throttle Switches —101, 110 (Type PS-21) Function. The 
PS-21-D8 switch is arranged so that it will operate as soon as the 
throttle handle is moved from the idling position, thus furnishing an 
indication of the throttle handle position. Its contacts are connected 
in the main control circuit, closing this circuit whenever the throttle 
is moved out of the idling position, and opening it whenever the 
throttle is in the idling position, thus controlling all movements of 
the locomotive. 

Operation. This switch is operated from the engine throttle 
control mechanism and when closed energizes the operating coils 
of the reverser, contactors, and the locking coil of the conttoller. 
Thus even though the controller be left in a running position, all 
power is removed from the locomotive whenever the throttle is 
moved to the idling position. Conversely, power can be applied to 
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the locomotive by opening the throttle, providing the controller has 
previously been placed in the desired operating position. 

PS-21-D9 Switch. The PS-21-D9 switch, is also operated from 
the engine throttle control mechanism. This switch provides a 
reduced tractive effort step when the throttle is first opened. Its 
contacts close when the throttle is approximately quarter open, 
shorting out the part of the resistance in the exciter field circuit used 
to give this soft starting effect. 

Description. This type of switch is of the magnetic quick acting 


CONTiNUQU^ 




Apppox.3 Opovs SPAC£ 

\ CONTfNUOU^ 

1^1 


Fig. 37. Resistor Unit for Voltage Control Relay Located on Back of Base 


Spring return type. It consists of a spring operated contact arm with 
an auxiliary spring hinged armature and a magnetic series holding 
coil, all mounted on a suitable base. When the switch is operated, 
the spring contact arm closes the circuit through the series holding 
coil, the contact being made between the armature and the core of 
the holding coil. When opening the switch, the contacts are held 
closed by the series holding coil acting on the spring hinged arma¬ 
ture until sufficient movement is made to take up all of the spring 
action, at which time the circuit is opened with a definite snap 
action. 

Inspection. The contacts are silver faced and should seldom 
require cleaning. If any cleaning becomes necessary, use a clean, 
lintless cloth wet with carbon tetrachloride or use a fine file. Do 
not use sandpaper or emery cloth as these materials will leave harm¬ 
ful grains in the contact surfaces. 


TABLE 28. 

I. Coil Data PS-21-D8 


TYPE PS-21 SWITCH DATA 


PS-21-D9 


(a) Cat. No. 4739178 . . . 

(b) Res. at 25 C. 0.61 olim. 


4739179 
0.081 ohm 
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Push Button Control Switch —117 (Type 17HP4L3) Location 
and Function. This switch is located at the operating position for 
controlling the various lighting and control circuits. The switch has 
a total of 13 individually fused circuits. 

Operation. The control button energizes the main locomotive 
control circuit and in cases of emergency this one button can be 
opened to remove all power from the locomotive. The engine start 
button controls the engine starting contactors GSJ and GS2 which, 
when closed, connects the battery to the starting winding on the 
generator. The fuel pump button supplies power directly to the 
small fuel oil pump motor, this being operated from the control 
battery. 



Fig. 38. Box No. 1 Field Shunting Resistor, Fig. 39. Battery Charging Resistor Panel, 
Type 17EW102A2 Type CE-247-A 

May have • to file contacts slightly on Approximate average resistance of each 

resistors in Box 4 in order to assemble in section equals 0.245-ohm. 
box. Approximate Resistanc^e R1-R2 equals 
R3-R4 equals 0.01075-ohrns. 

The remaining buttons, except the bottom one, are used for 
lighting circuits. The details are shown on the locomotive connec¬ 
tion diagram. 

Inspection and Care. All of the circuits in both these switches 
carry control potential of 75 volts. Care should, therefore, be taken 
when removing fuses to see that the particular button controlling 
the circuit in which the fuse is located is in the open position. 

The switches should be examined periodically for loose con¬ 
nections, broken parts and finger tension. The fingers and contact 
segments should be kept clean by wiping off occasionally with a 
dry cloth and then adding a thin film of light, high temperature 
grease, such as Stazrite No. 30 or equivalent. Both the fingers and 
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contact segments are renewable and should be replaced before the 
combined wear is sufiBcient to cause poor contact. 

Resistors. Type EW Resistors. Various types of resistors are 
used for different circuits. Type EW resistors are furnished for 
the traction motor field shunting circuits. These resistors should be 
inspected periodically to insure that the tie rods holding the units 
in place are tight and that all connections are tight. The insulation 
between units should be kept clean at all times by blowing out with 
dry compressed air, being careful that the pressure is not too high. 

Adjustable Resistors. Adjustable type resistors are provided for 
the ground relay, battery charging and for the exciter field circuits, 
these being furnished on Type CE-247 panels. These resistors 
should be inspected periodically to insure that the tie rods are tight 
and that all clips and terminals are tight. The resistor windings 
should also be inspected to see that they are not broken or nicked, 
or have any short circuited turns. Replace porcelain tubes if they 
are cracked or broken. 

Vitreous Enameled Resistors. Several vitreous enameled resis¬ 
tor tubes are also provided for various circuits, these being mounted 
on Type 17FR7 panels. These resistors should be examined peri¬ 
odically to insure that all clips and terminals are tight and that the 
tubes have not been broken or damaged. 

Values and Adjustments of Resistors. Refer to the Locomotive 
Wiring Diagram for resistor values and adjustments. 

Instrument's and Shunts (BA, 102, 112) Location and Descrip¬ 
tion. The locomotive is equipped with a DO-40 type ammeter and 
suitable shunt respectively in the battery charging circuit. Some 
locomotives are equipped with a DO-58 ammeter and shunt in the 
return circuit for motors 1 and 2. The instruments operate on the 
D’Arsonval principle, using a permanent magnet for the field and 
a coil on the moving element for the armature. 

Inspection. The instiuments should be inspected periodically, 
while in position on the locomotive, to see that on each instrument: 

1. Terminals are tight. 

2. Pointer is on zero. 

8. Pointer does not stick. 

The pointers may be set on zero by turning the small screw 
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which is located on the front of the cover. This screw, by means of 
a small cam, changes the position of the metal piece to which the 
coil spring is attached, thus changing the tension on the spring and 
moving the zero position of the pointer accordingly. 

The pointer may be tested for sticking by electrically obtaining 
maximum deflection and then noting results when the circuit is 
broken. If the pointer does not readily return to zero, the instru¬ 
ment should be removed for cleaning and calibration. 

No attempt should be made to adjust or remove the instrument 
from the circuit unless it is certain that the current is off, as the 
terminals and the elements of the instrument are alive. 

Shunts. Install shunts so that metallic dirt or dust cannot get 
on the resistance strip and short the shunts. 

Keep terminals tight at all times. 

Do not allow leads to become wet and thus shorted. 

Ventilation. Although artificial ventilation is not required, the 
temperature rise may be from 40 to 50 C. (72-90 F.) above the 
ambient, and there should be enough natural ventilation to take 
care of this rise. 

Cleaning and Repairing. We recommend that the instruments 
and shunts be returned to the General Electric Co., West Lynn, 
Mass., whenever cleaning, repairing or calibration becomes neces¬ 
sary. 

Governor Solenoids —IIS (Type CR-9503-209C) Function. 
This solenoid, when energized, admits fuel oil to the engine through 
the governor. Automatic engine shutdown is obtained by means of 
a Detroit Lubricator pressure switch which opens the governor 
solenoid circuit when low lubricating oil pressure is obtained. 

When de-energized the solenoid allows fuel oil pressure on the 
power piston to be equalized so that the spring forces the governor 
to the stop position, shutting down the engine. 

Description. These solenoids are usually mounted on the appa¬ 
ratus which they operate. The end of the solenoid in which the 
plunger operates is always the bottom of the solenoid regardless 
of how the solenoid is mounted, and the opposite end is the top. 

Cutout switches are mounted on the solenoids for d-c service to 
insei t resistance in the coil circuit. 
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The following instructions should be followed if it is necessary 
to assemble or disassemble the solenoid. 

Assembling and Disassembling (See Fig. 40). The solenoid 
consists of a frame 2, a plunger 6, a coil 3, two springs 4, two 
plunger guides 5, a cotter key 1, and, if required, a cutout switch. 
To disassemble, remove the plunger, cotter key, plunger guides, and 
coil springs, in the order named. 

To assemble, put the coil in the frame, assemble the coil springs, 
and then the plunger guides. Fasten the guides with the cotter key. 


i 



Fig. 40. Solenoid with Cutout Switch, Type CR-9503-209-C 


If the solenoid is of the push-pull type, guides 5 and cotter key 1 
are omitted. 

Coils. Fig. 40 shows the normal position of the solenoid. When 
installing the coil make sure the projections are on top. The pro¬ 
jections are used for centering the coil. 

The end of the coil in which the plunger operates is always the 
bottom of the solenoid. It is very important that the coil is properly 
installed. If the coil is reversed the pull curve may be affected 
by this action. 

Operation. On d-c circuits the coil when energized picks up 
the plunger and after the plunger seals, a resistor is inserted in 
series with the coil. 
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Series Holding Switch. Some single-unit locomotives are 
furnished with a series holding switch. 

Function. This series holding switch holds the locomotive 
motors in series connection by preventing the series-paralleling 
contactor operations from taking place. 

Whenever a heavy drag is started which would overload the 
generator with the motors in parallel, the engineman should sec that 
the switch is thrown to the S position. This prevents the motor 
contactor sequence from proceeding beyond the series motor con¬ 
nections even though the master controller may be pushed into the 
series-parallel position. 

Description. This switch is a two-pole manually operated 
tumbler switch without overload protection. The two normally open 
terminals are connected together thus giving a 4-point series break. 

Operation. The switch is so placed in the control circuit that 
if it is thrown to the S position before the traction motor transfer 
and field shunting relay V picks up, it will serve to hold the loco¬ 
motive motors in series connection even though the master controller 
handle may be advanced to the series-parallel position. This is 
accomplished by preventing the operating coil of relay CRl (in 
wires 2A and 65) from becoming energized, which in turn prevents 
the series-parallel contactor operating coils SPl , SP2 , (in wires 2B, 
2C, 65) from being energized because of a normally open interlock 
on CRl (wires 2 and 2A). 

However, if the locomotive is operating in series-parallel con¬ 
nections and the current limit relay CL signal light indicates that 
an overload exists, the locomotive should be returned to series motor 
connections. 

Throwing the series holding switch to the S position will not 
return the locomotive to series connections. The return to series 
connections must be accomplished by returning the master con¬ 
troller handle to the series position. 

It should be remembered that the series holding switch is 
effective only before the traction motor transfer relay picks up. 
Throwing it to the S position after the transfer relay has picked up 
and with the controller handle in series-parallel position will not 
return the locomotive to* series connections. The controller must be 
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used for backward transfer from series-parallel to series connections. 

Control Equipment on 1000-Hp. Multiple Unit Locomotives. 

Control apparatus on the 1000-hp. multiple-unit locomotives which 
differs from that on the single unit locomotives, is covered by in¬ 
structions on the following pages. 

Master Controller (Type 17KC53A1) Function. The reverse 
handle of the controller controls the direction of motion of the 
locomotive. 

The throttle (main lever), through the throttle operating 
mechanism, controls the speed of the Diesel engine. 

Description. The fingers in this controller are of the hinged 
type, operated by means of moulded compound cams. 

There are two levers; a main lever controlling the engine speed, 
and a reverse lever operating the two top cams. The main lever 
has an Off (idling) position, and eight operating points. The reverse 
lever has three positions; Forward, Off, and Reverse. It actuates 
the two top cams, which determine forward or reverse movement of 
the locomotive. 

The reverse lever is interlocked with the main lever so it cannot 
be thrown from Forward or Reverse to the Off position, unless the 
main lever is off. The main lever cannot be turned on unless the 
reverse lever is in the Forward or Reverse position. 

Inspection. 1. Check all moving parts to see that they operate 
freely. 

2. Check the fingers for poor contact, burning and for proper 
wipe, break and pressure. Fingers should be replaced when worn 
down about half-way at the contact point. 

TABLE 29. CONTACT DATA 


Tart 

Min. 

Max. 

Wipe . 

1/8-in. 

3/32-in. 

Tip Gap . 

3/16-in. 

• 1/4-in. 

Pressure. 

1 

3/4-lb. 

1-lb. 


3. Check all connections and terminals to insure good electric 
connections. 


4. Apply a small amount of light grease to cams if necessary 
to reduce friction between cams and fingers. 
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Electro-Pneumatic Reverser (Type MC-57-E&) Function. The 
reverser changes the connections to the traction motor fields and 
thus reverses the direction in which motors will rotate. 

Operation. It is operated by a double cylinder air engine con¬ 
trolled by two On type magnet valves. Their operation is dependent 
on the position of the controller reverse handle. The reverser is 
interlocked so that it cannot be operated except with the motor 
contactors open. As the reverser does not break any current, there 
should be no burning of the contacts. Any roughness that may 
develop due to other causes should be removed with a file. 

Inspection. Frequent inspections should be made to guard 
against weak fingers, poor contacts and loose connections. The con¬ 
tacts should be cleaned when necessary and lubricated with a thin 
film of light, high temperature grease, such as No. 30 Stazrite or 
equivalent. The bearing grease cups should be kept filled with a 
good grade of cup grease and periodically tightened to insure that 
the bearings are properly lubricated. 

The reverser should be tested for operation by pressing the 
valve pins in the top of the magnet valves. If the operation is 
sluggish and the segments and bearings are well lubricated, the 
cylinders and piston packings are probably dry and should be 
greased, using GE PC Control Lubricant No. 2 or equivalent. 

Main and control contact fingers should be periodically in¬ 
spected (and adjusted if necessary) to insure that the pressures are 
within the limits specified under Table 30, Contact Data. In all 
cases, it is necessary that a good contact be made between the 
fingers and segments. For adjustment of main fingers, refer to Fig. 
20. About Js-in. wear is allowable on the main fingers while the 
control fingers should be replaced when worn half way through. 

Sluggish action of the reverser may also be caused by sticky or 
leaky magnet valves. 

TABLE 30. TYPE ME-ST-EB REVERSER DATA 


1. Amperes continuous capacity (per motor circuit). 750 amp. 

2. Contact pressure for individual main fingers. 15 to 20-lb. 

3. Contact pressure for control fingers. 2 to 5-lb. 

4. Magnet valve operating coil: 

(a) Catalog No. 3046106 

(b) Ohms Resistance at 25 C. 886 
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Refer to the Instructions on Magnet Valves for information on 
the valves used on this reverser. 

Throttle Operating Mechanism (Type 17MK3L9) Function, 
A 17MK3L9 mechanism is mounted on each engine to operate its 
Woodward governor. The mechanisms operate in step under the 



Fig. 41. Outline, Operating Mechanism, Type 17MK3L 

control of the master controller to control the speed of the Diesel 
engine. 

Description, The mechanism consists of three small air 
cylinders and pistons actuating a lever attached to the Woodward 
governor. The governor is spring biased to its Closed or Stop posi¬ 
tion. The three pistons mbve the main lever by means of rollers 
and a system of inter-connecting levers and links so that the lever 
assumes seven definite progressive positions after leaving the Idle 
position as the air cylinders are energized in different combinations. 
The cylinders are supplied with air by individual 17MV23A4 mag¬ 
net valves. As the three magnet valves are energized on successive 
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steps of the master controller, the lever progresses accordingly in 
seven approximately equal steps from idling to the full speed posi¬ 
tion. The full travel of the end of the lever from Idle to Full Speed 
is iy 32 -in. 

Inspection and Maintenance. See that all parts are free and 
that no air blows by the pistons or valves. Operate each valve by 
hand and see that each piston returns by itself when the valve is 
closed and the main lever held up out of the way. 

When the pistons are removed for any reason the piston 
leathers should be greased with G-E PC Control Lubricant No. 2. 
If the leathers seem to need any lubrication during normal opera¬ 
tion before they are taken apart, a small amount of G-E PC Control 
Lubricant No. 1 may be put in the oil holes in the top of the 
cylinders. 

For care and adjustment of the magnet valves used on this 
mechanism, see the Instructions under Magnet Valves. 

Sander Switch — 122 (Type 17HP9A1) Location and Function. 
This switch is located at the operating position for controlling the 
operation of the sander valves. 

Description and Operation. It is a normally open, double con¬ 
tact, single circuit switch. It has silver-faced contacts and is 
mounted on a base of insulating compound. It is enclosed in a small 
metal case and is operated by depressing a foot button located in 
the cover. 

Inspection. The switch should be periodically examined. The 
inspection should cover the following items: 

1. Blow out all dust and grit with dry, ctJmpressed air. 

2. Oil all bearings with a thin lubricating oil, such as G-E PC 
Control Lubricant No. 1. 

3. Replace any broken springs or shunts. 

4. Inspect cable inlets for wear and looseness. If necessary 
the cable should be taped in order to obtain a tight lit in the inlet 
openings. 

5. Check all connections for cleanliness, and tighten connec¬ 
tions if loose. 

6. T^he silver contact surfaces should seldom require cleaning. 
Silver oxide is a good electrical conductor; hence no attempt should 
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be made to remove it. If any cleaning is necessary, use a cloth 
rather than a file or sandpaper as^the latter will damage the contact 
surfaces and decrease their life. Contact parts should be replaced 
when the silver facing has worn through. 

7. The contacts should be checked against the values given 
below. 


TABLE 31. TYPE 17HP9A1 CONTACT DATA 

Tip Gap ... 8/32 to 12/32-in. 

Wipe . 4/32 to 5/32-in. 

Tip Pressure . VA to 3-lb. 

Series Holding Switch — 124 Function, Some 1000 hp. mul¬ 
tiple-unit locomotives are furnished with a series holding switch to 
hold the locomotive motors in series connection by preventing the 
series-paralleling contactor operations from taking place. This is 
true for both single-unit and multiple-unit operation. 

Whenever a heavy drag is started which would overload the 
generator with the motors in parallel the engineman should throw 
this switch to the S position. This prevents the motor contactor 
sequence from proceeding beyond the series motor connections. 

Return to Series Connection, If the current limit relay (CL) 
signal light indicates an overload on the generator, the series hold¬ 
ing switch should be thrown to the S position, causing an instantane¬ 
ous return to series connections. (Note: This is an open circuit 
transfer and probably will be quite rough unless the throttle is 
backed off somewhat before the switch is thrown.) The normal loco¬ 
motive operation may then be continued with the throttle control 
until the drag conditions reach such a reduced point that you can 
go back to normal series-parallel operation, and at this time the 
switch may be thrown to the SP position. 

Description, This switch is a two-pole manually operated 
tumbler switch without overload protection. The two normally open 
terminals are connected together thus giving a 4-point series break. 

Operation, Throwing this switch to the S position energizes 
the CR3 coil causing it to pick up and open the CR3 interlock in 
series with the traction motor transfer and field shunting control 
relay contact V and the CRl interlock in wires 8R and 8J. With the 






ALCO GE DIESEL-ELECTRIC LOCOMOTIVES 


335 


CR3 interlock open the series-parallel contactors, SFZ, SP2, and the 
CRl control relay coil cannot be energized, thereby making it impos¬ 
sible for the motor contactor sequence to proceed beyond the series 
motor connections. It should be remembered that throwing the 
series holding switch to the S position while in series-parallel con¬ 
nection, causes an instantaneous return to series connections. 

Control Relays— CR2, CR3 (Type 17LV40D6). The CH2 re¬ 
lay performs the same function that the PS-21-D9 switch 110 does 
on the single-unit locomotives. It provides a reduced tractive eflEort 
step when the throttle is first opened. 

The CR3 relay prevents transfer of the motor circuits from 
series to series-parallel when the series holding switch is in the S 
position. 

For maintenance and adjustments, see Instructions on the CRl 
relay which is identical. 

Locomotive Connection Diagram Circuit Analysis. A brief 
description will be given below of each of the main sections of the 
wiring before going through the actual controlling circuits which 
the engineman directly operates. 

Sections referred to will be found on the locomotive connection 
diagram. All circuits on the diagram are shown in the de-energized 
position. 

Main Motor Circuits (See Sections E and F), Refer to Fig. 42. 
This circuit feeds four traction motors from a single main generator 
G. The motors are arranged for series and series-parallel connec¬ 
tion, with a field shunting connection in series-parallel. 

When starting in series the circuit is from the generator GA 
lead through motor 4 armature, motor 3 armature, reverser, motor 4 
field, motor 3 field, reverser; through contactor motor 2 armature, 
motor 1 armature, reverser, fields 2 and 1, reverser, exciter differ¬ 
ential field and back to generator GAA terminal. 

When transfer takes place a few incidental things happen which 
will be explained later. So far as the motor circuits are concerned, 
contactor SPi picks up, so the current flows through motors 4 and 3 
and right back to the generator. Motors 1 and 2 are short circuited. 
Then contactor S opens and removes the connection between motor 
3 and motor 2, after which SP2 picks up. This gives the series- 
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parallel connection, half the generator current flowing through 
motors 4 and 3, and the other half through motors 2 and 1. 

When contactors and M2 pick up, some current is shunted 
out of the motor fields and gives an increase in motor speed. 

To reverse direction, the reverser throws over and reverses the 
order in which the current flows through the motor fields. 

Wheel Slip Circuits (See Sections B and F). Refer to Fig. 42. 
A resistor WSRl or WSR2 is connected across each pair of motor 
armatures, and a relay WSl or WS2 between the mid-point of the 
armatures and the mid-point of the resistor. So long as no slipping 
occurs, these two points are at the same potential and no current 
flows through the relay. If slipping occurs this voltage balance is 
upset, and the relay picks up, its contacts (between 50 and 50A 
wires) causing the slip relay buzzer to operate. 

Current Limit Signal Relay Circuits (See Sections B and F) 
Refer to Fig. 42. A current limit signal relay is in series with motors 
4 and 3 through the SFl contacts J1-J2. Whenever the load in this 
circuit exceeds 700-amp. on the 660-hp. locomotive or 900-amp. on 
the 1000-hp. locomotive, the relay will pick up and its contacts 
50-50B will light the indicating light warning that the equipment is 
being overloaded. 

Ground Relay Circuits (See Sections C and F) Refer to Fig. 42. 
A ground relay GR in series with some resistance GRR and the 108 
cut-out switch is connected between the J3 reverser lead and 
ground. Since this is the only normal ground connection, there 
should be nothing but a slight leakage current in the ground relay. 
If an abnormal ground occurs elsewhere in the circuits, there will 
be a voltage difference between ground and the J3 lead, and current 
will flow through the ground relay. It will pick up, and its contacts 
SA-8H, and 8F-8G will open the exciter EF and generator field GF 
contactors and promptly kill all voltage. If no trouble can be 
detected by sight or smell, it may be that the ground that has 
occurred would not prevent operating safely. If the relay opens 
twice, and no indication of real trouble is found, the cut-out switch 
108 may be opened, and operation may be found possible. 

Transfer Relay Circuits (See Sections C and E). Refer to Fig. 
42. The V relay has a series and a shunt coil. The series coil is con- 
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nected with the VR7 resistor across the generator commutating and 
exciter dijfferential fields, and therefore, responds to generator cur¬ 
rent. The shunt coil is connected through resistance across the 
generator voltage. VRJ resistor is the one which determines the 
normal relay pick-up. VR2 and VRS are cut in during field shunt¬ 
ing, to raise the relay drop-out to a point where the motors will 
unshunt before overloading the generator. VR4, VRS, VR6 are cut 
in momentarily during transfer from series-parallel to parallel to 
ensure the relay dropping out during transfer, so field shunting will 
not immediately follow. 

By working on a combination of generator volts and amperes, 
the relay is enabled to work at any thiottle position when proper 
conditions exist. 

Excitation Circuits (See Section E). Refer to Fig. 42. The ex¬ 
citer field is doubly fed. It gets some self-excitation from its own 
voltage from EA terminal and wire R5, through some resistance, to 
field on wire R6 and back to the exciter terminal EAA. It also gets 
separate excitation from the battery through contactor EF, a single 
tube ‘soft start'’ resistor (not on some 660-hp. locomotives), some 
more resistance, thence to the exciter field and back to the battery. 
The soft start section is cut out by a throttle switch 110 (relay CR2 
on multiple unit equipments) at about % throttle. The exciter arma¬ 
ture then feeds the generator field through contactor GF, across 
whose contacts a discharge resistor is connected. 

Battery Charging Circuits (See Sections A, B and D). Refer to 
Fig. 42. When the auxiliary generator is started and builds up 
voltage, the relay picks up and closes^ contactor. This makes 
a circuit from terminal LA through fuse 103, RC series coil, con¬ 
tactor B, battery charging resistor BR, ammeter shunt 102, battery 
fuse 105 and switch 100 to the battery and back through the other 
pole of the switch to the auxiliary generator. When shutting down, 
the generator voltage drops, and as soon as the battery starts to 
send current backward into the generator, the RC series coil causes 
this relay to drop out and open contactor B. 

The auxiliary generator field is fed from the fuel pump wire 
52 through the voltage regulator. The field circuit is primarily 
through the resistor controlled by the tapered bar, and the regulating 
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Fig. 42'-Contixiued 
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circuit through the high-speed dial rheostat at the A+ lead to the 
fixed and floating coils. The low-speed dial rheostat, or wiggle 
resistor, which connects these two circuits is to prevent hunting. 
The small section of floating coil in the field circuit prevents holding 
different voltages at idling and top speed, and compensates for 
varying spring pressure as the tapered bar brings more or less fingers 
in contact. An increase in voltage causes the bar to cut in resistance 
to stop the rise, and a fall in voltage shorts out resistance. 

The power comes from the 52 wire, both so it can be removed 
without adding an extra contactor to the circuits, and also so the 
fuel pump motor may serve as a discharge resistor for the field 
when the circuit is opened. 

Control Circuits—General. After closing the main battery 
switch 100, the engine may be started. This is done by pressing 
the control, fuel pump and engine start buttons. Wire 60 comes 
from the battery, and energizes wire 52 through the fuel pump but¬ 
ton, thereby starting the fuel pump. It also energizes wire 50 
through the control button, which goes through the engine start but¬ 
ton to wire 51. The controller must be off, so wire 51 can feed 
through to wire 51A, which then goes through £F and ^ interlocks 
to pick up GSl and GS2 starting contactors. 

An interlock on GSl makes a circuit from wire 52 through the 
governor solenoid 113. This solenoid picks up through its own 
interlock, which then cuts in the 114 resistance to protect the coil. 
Wire 52 also energizes the auxiliary generator field through the 
regulator. 

GSl and GS2 main contacts connect the battery to the main 
generator and its starting field. The generator then acts as a motor 
to crank the engine. When the engine fires and builds up oil pres¬ 
sure, contact 115 closes so the governor solenoid will remain ener¬ 
gized when the starting button is released and the GSl interlock 
opens. Thereafter a loss of oil pressure will drop 115 and kill the 
governor solenoid, and stop the engine. Pulling the fuel pump 
button will have the same effect, as well as stopping the fuel pump 
and killing the auxiliary generator field. 

As the voltage builds up on the auxiliary generator, the reverse 
current relay RC will pick up, and its contact will pick up charging 



ALCO-GE DIESEL ELECTRIC LCKIOMOTIVES 


341 
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contactor^ if the engine start button has been released. B contactor 
interlock 51B-51C will then lock out the engine starting contactors 
GS2 and GS2 if the engine start button is later accidentally pressed. 
Charging current will show on the battery ammeter. The locomotive 
is now ready to operate. 

On the standard single unit equipment, the reverse handle is 
then thrown forward or reverse, to determine direction. Usually 
it will be thrown clear through to the R.F. (reduced field or field 
shunt) position. 

Now when the throttle is opened, switch 101 closes energizing 
wire 1. This picks up a lock coil which prevents reversing the con¬ 
troller until the throttle is closed again. It rflso energizes wire 8 if 
set for forward motion, or wire 0 if set for reverse, and also wires 2 
and 3 if the handle has been thrown clear through. 

Wire 8 (or 0) energizes the proper reverser coil, and only after 
the reverser is thrown properly feeds through the reverser interlock 
to wire 8A. This picks up £F contactor, the S contactor, and an 
interlock on the latter picks up GF. EF causes the exciter to gener¬ 
ate voltage, S connects the motors in series, and GF then causes the 
generator to apply voltage to the motors. 

The throttle may then be opened farther to increase the loco¬ 
motive speed. At about M opening it closes switch 110 which cuts 
out the soft starting resistor (if so equipped). 

At some point the transfer relay V will pick up. This relay s 
contacts are in the No. 2 and 3 wires. If the controller is set in 
series, nothing will happen as these wires are dead. If in series- 
parallel or R.F., there will be a circuit from wire 2 through V relay 
contact to wire 2A to pick up CRl relay,, which starts the transfer 
to series-parallel. No circuit will be made from the No. 3 wire 
through the other contact as SP2 interlock is open. 

CRl closes contact 2-2A which makes a holding circuit to hold 
the series-parallel connections after V relay drops out.later. Its 
8C-8D contact opens and drops out GF contactor. This starts the 
generator voltage dropping. An interlock 5A-5B also cuts VR4-VR5- 
VR6 resistors into the transfer relay shunt coil to ensure further that 
the relay will drop out during the transfer. Another interlock 2A-2B 
on GF closes and picks up SPI , short circuiting motors 1 and 2. 
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An SPl interlock 2A and 2B closes to make a holding circuit to 
keep the series-parallel contactors up after GF pidks up again later. 
Another interlock 8A-8B opens and drops out S, disconnecting 
motors 1 and 2 from motor 3. 

A 2B-2C interlock on £ closes and picks up SP2, putting motors 
1 and 2 back on the line. Prior to this point the V relay has dropped 
out again, so the 3A-3B interlock on SP2 does not pick up Ml and 
M2. The 2C-8D interlock closes and picks up GF again. This 
restores voltage to the motor circuits, and the 5A-5B interlock on 
GF restores the V relay coil to its original pick-up setting. 

The motors are now in series-parallel, and the generator will 
automatically set itself at about half the volts and twice the current 
that existed before transfer. 

When the locomotive speeds up further, the relay will pick 
up again. If the controller is in the series-parallel position, nothing 
will happen; but if it has been thrown clear through to the reduced- 
field position, then there will be a circuit from wire 3 through the 
relay contact to 3A, through SP2 interlock which is now closed, and 
Ml and M2 will pick up, giving field shunting operation. An inter¬ 
lock on Ml cuts in VR2 and VR3 resistors thereby resetting the V 
relay drop-out. 

. If the V relay later drops out the field shunting will be lost. The 
motors may also be returned to regular series-parallel by pushing the 
controller back to the series-parallel position, which will de-energize 
wire No. 3. 

The controller may also be pushed back to series, killing wire 2. 
This will cause SW, SP2 , CRl and GF all to drop out. After^^l 
drops, S will pick up, and then GF will pick up again. This puts the 
motors back in the series connection. All power is removed in the 
process, and a smoother transfer back to series will be made by par¬ 
tially closing the throttle before pushing the controller back. It is 
also possible, and usually preferable, to shut the throttle clear ofiE 
and come on again. This always brings the motors in series, and 
the controller may be set in series if it is desired to hold them there 
positively. 

Multiple Unit Locomotives. A few variations of the above 
apply to switchers equipped for multiple unit operation. 
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Instead of a selective reversing controller and a throttle, these 
locomotives use a master controller with a small reversing handle, 
and a main handle giving eight running notches. Instead of a 
throttle controlling engine speed mechanically, the controller main 
handle actuates electro-pneumatic valves on an operating mechan¬ 
ism connected to the governor. Multiple unit sanding is also pro¬ 
vided, and a means of lighting the rear headlight on the rear loco¬ 
motive from the engineman s position on the front locomotive. 

An extra motor control button is provided on the BS switch. 
With the controller reverse handle off, it is not possible to move 
the main handle, to speed up the engines for testing or pumping 
air, as is readily done on the single unit equipment. To do this on 
M.U. equipments, open the motor control button, throw the reverse 
handle in either direction, and then pull out the throttle. At all 
other times, the motor control button is left closed. 

The engines are started exactly as on single unit locomotives. 

To operate, throw the reverse handle in the desired direction, 
and open the throttle one notch. Wire 50 is thereby connected to 
5A, and through the motor control button to wire 5, which feeds the 
reverse drum and the 8 and 0 wires, respectively, according to the 
direction of travel. 

Wire 50 also energizes wires 1, 2, 3, and 4 on various notches. 
These wires control soft start and engine speed. 

On notch 1, none of these are energized, and the engine runs at 
the same speed as at idling. 

On notch 2, wire 1 picks up IT valve to increase engine speed. 

On notch 3, wire 2 picks up T2 valve to increase engine speed. 
Wire 4 is also energized, picking up relay CR2 on both locomotives, 
and cutting out the soft starting resistor. 

On notch 4, wires 1 and 2 pick up both^Ti and T2 to increase 
engine speed. 

On notch 5, wire 3 picks up valve r3 to increase engine speed. 

On notch 6, TI and T3 are both energized. 

On notch 7, and T3 are both energized. 

On notch 8, TI, T2, and TS are all energized, giving maximum 
engine speed. 

On any of these notches, wire 8 (or 0) establishes the series 
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motor connection, and transfers the motors to parallel and to field 
shunting when the V relay operates exactly as on single imit equip¬ 
ments. The difference is only that there is no means on the con¬ 
troller of preventing these transfers, so a relay CR3 and a tumbler 
switch has been added. The tumbler switch is usually left open. 
When closed it picks up CR3 on both locomotives, and the 8A-8R 
contact on CR3 prevents the parallel contactors and relay CRl from 
picking up. This switch may therefore be used to hold the motors in 
series, or to transfer back to series if already in series-parallel. 
There is no way to permit series-parallel operation but still prevent 
field shunting. 

Extra interlock fingers are placed on the reverser to determine 
what Sander will be actuated electrically. Pressing the sander button 
will always give sand on both locomotives for the direction which 
they are set to move, regardless of the ends which may be coupled 
together. 

Headlight Control. To operate the front or rear headlight, the 
proper dim button must always be in. If the bright button is also 
in, some resistance is short circuited and the lamp will bum at full 
brilliancy. 

On multiple unit jobs, a third pair of buttons controls the head¬ 
light on the other locomotive which is farthest from the operator, 
regardless of how the locomotives may be coupled together. 





Chapter X 


Alco—GE Diesel Electric Road 
Locomotive 2000 Hp. Equipment 


A. GENERAL DESCRIPTION 

“A’* Lead Unit. The electrical equipment for the No. 2 Diesel 
engine is in general similar to the equipment for the No. 1 Diesel 
engine. The identification symbols for the No. 1 engine transmission 
are noted by letters and single digit numerical symbols, whereas the 
transmission units for the second engine are denoted by the same 
letters and double digit symbols. For instance, the generator in the 
No. 1 power plant is symbolized by G1 and the No. 2 power plant 
generator is G2; No. 1 power plant contactors Fi, F2 and No. 2 
power plant contactors P21 and P22 and so forth. 

“B** Booster Unit. The electrical equipment on the B unit is 
practically a duplicate of the electrical equipment on the A unit. 
Therefore, for information about the B unit electrical equipment, 
look for the same headings under the description of the electrical 
equipment paragraphs. 

Transmission of power from Diesel Engine to Wheels. There 
are three fundamental parts to the Diesel locomotive power system. 
They are the Diesel engine, the generator, and the traction motors. 
The Diesel engine drives the generator, the generator produces 
electrical power which drives the traction motors. Each traction 
motor is connected to an axle through a pinion and gear. There are 
two traction motors for each power plant or four per locomotive 
unit. 

Opening of Throttle. When the throttle is opened to the first 
notch, the 75-volt control wires are energized and act to throw the 
reversers, in the contactor cabinet, t6 the proper direction and close 
the main power switches which connect the generators to the trac¬ 
tion motors. Simultaneously the generator field switches are closed. 
The generator fields are thus excited, the generators develop electric 
power, and the locomotive starts to move. 





348 DIESEL LOCOMOTIVES-ELECTRICAL EQUIPMENT 

Opening the throttle to successive notches changes the setting 
of the Woodward governor through the throttle operating mech¬ 
anism. This raises the engine regulating speed of the governor. 
Therefore the Diesel engine will be speeded up through the admis¬ 
sion of more fuel to the engine by the fuel injection pump control 
rods which are opened up by the governor. The Diesel engine will 
increase its speed until the new speed setting of the governor is 
reached. As the throttle is opened to successive notches, the process 
is repeated on up to 740 r.p.m., the top speed of the engine. As the 
engine runs faster, more power is delivered to the generator and thus 
to the traction motors. 

Engine Output. Power regulation to maintain constant engine 
speed and horsepower, is accomplished by the use of a separate 
exciter which excites the main generator field. The exciter controls 
the field in such a way as to always make the generator draw full 
power out of the engine in the last or eighth notch, regardless of the 
electrical effects of the traction motors upon it. Traction motor cur¬ 
rent and voltage vary automatically with changing locomotive speed. 

Transfer of Motor Connections. As the locomotive speed in¬ 
creases, traction motor current will decrease and voltage will in¬ 
crease. To control the voltage and current relations between the 
generator and traction motors, three different sets of motor connec¬ 
tions are used. These connections are as follows: 

1. Series—low to intermediate locomotive speeds. 

2. FaraZZeZ—intermediate to medium high speeds. 

3. Field Shunting—motors in parallel with shunted or reduced 
traction motor field current—medium high to high locomotive 
speeds. 

In Series connection the current from the generator goes directly 
through one traction motor then through the second traction motor 
and back to the generator to complete the circuit. 

In Parallel the generator current is split, half of it going through 
one traction motor and half through the second motor, wires return¬ 
ing from each motor to the generator to complete the circuit. 

In Field Shunting connection a portion of the traction motor 
field current is by-passed through an electrical resistance, with the 
main connections still in parallel. 
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Each one of the above steps will increase the generator current 
and reduce the generator voltage to keep the equipment within its 
operating range as the locomotive speed increases. 

Low Voltage Circuit. The main parts of the low voltage cir¬ 
cuit are the auxiliary generator, the batteries, and various control 
contactors and relays. The batteries are used to start the Diesel 
engines and furnish standby power for control and lighting circuits. 
After the engines are started the batteries have no function except 
to be charged by the auxiliary generators. 

The auxiliary generators furnish low voltage electricity for all 
the locomotive auxiliaries; such as lights, fuel pump motors, and 
the boiler. They furnish power to energize or close all the main 
power switches and relays. They also furnish a portion of the main 
generator exciter field current and power to charge the batteries. 

B. PROPULSION EQUIPMENT 

Main Generator Gl, G2. The main generator armature is 
direct connected to the Diesel engine and rotates in a counter¬ 
clockwise direction looking at its commutator end. The generator 
frame is bolted to the engine structure and the generator feet are 
set on springs to take a portion of the overhung weight. 

The commutator end frame head encloses a single main gen¬ 
erator self-aligning bearing and the other end of the armature is 
rigidly connected to the engine crankshaft: The generator is self- 
ventilated by a fan on the engine end of the armature. 

Main field excitation is supplied by a separate belt-driven 
exciter which governs the output characteristic of the generator. A 
starting field for cranking the engine is built in with the main field 
of the generator. 

Auxiliary Generator A1, A2. The auxiliary generator supplies 
power for all low voltage circuits and for charging the locomotive 
storage battery. The armature is overhung on the main generator 
shaft extension by means of a tapered fit and the auxiliary generator 
frame is fastened to the main generator frame head. 

The field is self-excited and is externally controlled by an auto¬ 
matic voltage regulator. 

Exciter El or E2. The separate exciter, which supplies excita- 
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tion to the main generator field, is a self-contained unit mounted on 
top of the auxiliary generator and is belt-driven from the main gen¬ 
erator armature shaft. The exciter is of the tw^o-bearing type with a 
pulley on the shaft extension. 

This machine is ventilated by a fan mounted on the aimature. 

The exciter field poles are split in two sections and excited by 
shunt and differential windings. The differential winding is con¬ 
nected in series with the main traction circuit. The combined effect 
of the shunt and differential windings results in the combined gen¬ 
erator exciter unit delivering its designed output. 

Field Control or Speed Switch I04A, 104B. This switch is 
an automatic auxiliary regulating device applied to the generator 
field circuits so that the generator will load the engine to maintain 
constant engine speed, in the event of any unusual loading condi¬ 
tion. It functions only in the last operating notch. 

The speed switch varies the resistance in series with the field of 
its respective exciter at predetermined speeds of rotation. It is cut 
into the circuit only on the 8th throttle notch, by means of relay 
CR2. 

The switch has but three leads leaving the housing. These are 
marked C, i, and 2, The circuit between all three leads is normally 
open, but as the speed of rotation increases to that at which the 
switch is set to function, the circuits between I-C and 2-C open and 
close at least once every revolution within an approximated range 
of speed of from 730 to 735 r.p.m. and will close fully at 735 r.p.m. 

The main parts of the rotor are: a hub casting, a spring returned 
weight, three slip rings and two contact fingers. The hub is designed 
for mounting on the exciter shaft extension and it supports the three 
slip rings, also the hinged weight. The slip rings are insulated from 
the hub and also from each other by the tube and spool method. 

Direct Current Traction Motors 1, 2, 3, 4. Each direct cur¬ 
rent traction motor is of the box frame type carried on the trucks 
through two axle bearings and a spring nose support located on the 
truck bolster. Each motor has two grease lubricated roller bearings 
on its armature shaft. The axle bearings are waste packed and of the 
constant oil level type. 

Each motor is pressure ventilated from belt-driven blowers 
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located in the engine room. The gear case enclosing the motor 
pinion and axle gear is bolted to the motor frame. 

C CONTROL EQUIPMENT 

Master Controller. The purpose of this controller is to control 
the speed of the locomotive and to fix its direction of motion. 

The controller has two handles; the throttle and the reverse 
handle. It also has a number of cam-operated hinged type contacts 
which are connected in the control circuits. At the top of the con¬ 
troller is a notched ring segment against which presses a pawl. The 
arrangement is such that the throttle must be notched slowly from 
one position to another. 

The throttle and the reverse handle are so interlocked that the 
reverse handle is removable in the neutral position only when the 
throttle is in the off or idling position. When the reverse handle is 
removed, the throttle cannot be moved from the idling position. The 
mechanical interlocking also prevents moving the reverse handle into 
or out of the off position unless the throttle is in the idling position. 

With the reverse handle in place, it is possible to move the 
throttle to any position. Thus, with the reverse handle in the off or 
neutral position, the throttle may be moved to any position for 
engine testing purposes. 

Master Controller 6 Unit. The purpose of this controller 
is to fix the direction of motion and speed of the booster unit when 
it is being operated alone. 

The controller has a throttle lever and a reverse handle. It also 
has a number of operated hinged type fingers which are connected 
in the control circuits. The mechanical interlocking of the throttle 
and reverse levers is the same as for the A unit except that when 
the reverse lever is either removed or in the off position, the throttle 
cannot be moved from the idling position. 

Multiple Unit Operation. In multiple unit operation the B 
unit is connected to A unit and the A unit controls operation of both 
units. The throttle on the B unit master controller is moved to the 
idling position and its reverse lever removed from the controller. 
This is to prevent unauthorized movement of the operating lever 
when the units are controlled from the head end of the A unit. 
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During multiple unit operation the action of the reversers, con¬ 
tactors and motors is controlled entirely from the master controller 
in the A unit. 

Push Button Control Switches. Push button control switches 
are located at the engineer s operating position for controlling vari¬ 
ous lighting and control circuits. One switch is used for controlling 
lighting circuits and the others are used for the various main control 
circuits and for attendant calls. The switch for the main control cir¬ 
cuits is also provided with a lock at the top of the switch. Before 
operating any of the buttons, insert the key and turn it to the run¬ 
ning position. Since the key is removable in the locked position, no 
operation of the locomotive can be obtained unless the key is in 
place. Only one key is provided, thereby making it impossible for 
anyone except the proper authorized person to operate the loco¬ 
motive. 

Another push button control box is located at each engine 
control station. Each box has a fuel pump switch, engine starting 
switch, and engine control or isolation switch. There are four indi¬ 
vidually fused circuits in the box, two of the circuits being operated 
by the engine start button. 

These switches handle all of the 75-volt control circuits. Care 
should, therefore, be taken when removing fuses to see that the 
particular button controlling the circuit in which the fuse is located 
is in the open position. 

Isolation Switches and Engine Control Buttons. The third 
button on the control box at each engine control station is marked 
Engine No. 1 or Engine No. 2. Its purpose is to enable the operator 
to isolate one of the power plants in case of trouble. When the 
button is pulled out the EV magnet coil is de-energized and the 
main generator field circuit is held open through an interlock on 
the oil pressure relay. Thus the engine will not run at any speed 
except idling, and no power can be transmitted from the generator 
to the traction motors. 

Magnet Valves. The magnet valves which are used to actuate 
the motor reverser, the governor operating mechanism, the engine 
control, and the air-operated contactors, are all of the so-called ON 
type. Some have enclosed coils and some have open coils. The ON 
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type magnet valve is of the double acting type and has an inlet and 
an exhaust port as well as a port for connecting to the operating 
cylinder. This* valve is so constructed that when the coil is energized 
the exhaust port is closed and the inlet port opened, thus admitting 
air from the reservoir to the operating cylinder. When the coil is 
de-energized the inlet port is closed and the exhaust port is opened 
and thus connects the cylinder to atmosphere. 

Interlocks. Electrical interlocks are provided for most of the 
electro-pneumatic and magnetic contactors, relays, and the re- 
versers. The interlocks are connected in the circuits of the operating 
coils of the various devices so as to prevent them from operating 
until some other essential operation has first taken place. 

The interlocks used on the magnetic contactors consist es¬ 
sentially of a contact bar or bars attached through insulation to the 
contactor armature and contact fingers which are attached to the 
contactor frame through insulation. The electro-pneumatic con¬ 
tactors are equipped with sliding contact type interlocks consisting 
of insulated segments and fingers which are attached to the con¬ 
tactors. 

Throttle Operating Mechanism. An electro-pneumatic mecha¬ 
nism is mounted on each engine to operate its Woodward governor. 
The mechanisms operate electrically in steps under the control of 
the throttle on the master controller. 

Each mechanism consists of three small air cylinders and pistons 
actuating a lever attached to the Woodward governor. The governor 
is held in its idling position against the pressure of its speeder 
spring. The three pistons move the main lever by means of rollers 
and a system of interconnecting levers and links so that the lever 
assumes seven definite progressive positions after leaving the idle 
position as the air cylinders are energized in different combinations. 
The cylinders are supplied with air by individual magnet valves. 
There is also a master valve, called the EV magnet valve in the air 
line to the throttle mechanism. Each successive step of the lever 
compresses the governor speeder spring and raises its engine regulat¬ 
ing speed. The full travel of the end of the lever from idle to full 
speed is 1%2 

Reverser for Traction Motor. The purpose of the reversers 
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is to change the connections to the traction motor fields and thus 
reverse the direction in vv^hich the locomotive will move. 

This reverser is of tlie electro-pneumatic type and is operated 
by a double cylinder air engine controlled by two ON type magnet 
valves. The reverser is electrically interlocked so that it cannot 
be operated except with the motor contactors open. Leads from the 
traction motors are connected to the reverser terminals and the 
operation of the reverser changes the direction of the flow of current 
through the fields, thereby reversing the rotation of the motors. 
Refer to above instructions on the magnet valve for information on 
the valves used on this reverser. 

Series Contactors SI, S21. The series contactors are of the 
electro-pneumatic type with electrical interlocks. They are used in 
the motor circuit to connect the motors on each truck in series. 
They are electrically interlocked with the parallel contactors, so 
that the parallel contactors cannot operate while the series con¬ 
tactors are closed and vice versa. 

Parallel Contactors PI, P2, P21, P22. The parallel contactors 
are of the electro-pneumatic type, using air pistons to close the con¬ 
tactors against heavy springs. These are electrically interlocked 
with the series contactors and the generator field contactors and 
others, so that the series contactors cannot close while the parallel 
contactors are closed and the generator field contactor cannot close 
until the proper motor contactors are closed. 

Field Shunting Contactors and Interlocks Ml, M2, M3, M4. 
The field shunting contactors and interlocks are of the silver faced 
contact type. They are used for connecting the motor field shunt¬ 
ing resistors in the circuit. They are under the direct control of the 
voltage control and field shunting transfer relays. 

Time Delay Control Relay TDRl, TDR21. This relay is used 
in the traction motor field shunting circuits. It inserts a one second 
time delay in operation when going back from field shunting to full 
field motor connections. Its purpose is to give any possible surges 
time to die out before the field shunting relay can pick up again. 
A copper cylinder around the core inside its coils causes a one 
second delay in the drop out action. This delay inserts resistance 
in series with the shunt coil of the field shunting relay so that the 
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latter cannot pick up for one second. This delay in transition in 
going back from field shunting to full field connections permits any 
possible surges to die out before the field shunting relay picks up 
and establishes the full field motor connections. 

Traction Motor Transfer and Field Shunting Control Relay 
VI, V2L This relay automatically transfers the motors from series 
to series-parallel and operates the field shunting contactors at the 
proper times. The relay operates with each successive rise of 
generator voltage, advancing the motor connections from series, to 
parallel, to field shunting. 

An insulated base supports an inverted T-shaped magnetic 
frame to which a double acting balanced armature is pivoted. 

With both coils de-energized the contacts are held in the open 
position by the armature spring, which forces the lower plunger 
against its core. The upper (shunt) coil is connected, in series with 
suitable external resistors, across the main generator armature and 
thus the current through it is proportional to generator voltage. 
The lower (series) coil is connected in parallel with the main 
generator and exciter series field windings and its current is pro¬ 
portional to generator current. The relay will operate at relatively 
low voltage with no load on the generator. The pick up voltage 
increases rapidly with increasing generator current. In this manner 
transition will occur at very nearly the same locomotive speed re¬ 
gardless of the notch on which the throttle is set. 

Wheel Slipping Relay WSl, WS21. This relay is provided 
to measure the difference in voltage between the respective motors 
of each pair of traction motors when operating in the series con¬ 
nection. In the event either wheel slips, its motor voltage increases, 
while the voltage on the other motor decreases. This difference in 
voltage causes the relay to be energized and operate the warning 
light. It also prevents transfer to parallel motor connections taking 
place while the slipping lasts. 

After parallel connections are established, interlocks on P2 and 
P22 disconnect the relays. The relay works momentarily when¬ 
ever a power plant transfers from series to parallel so that a brief 
flash of the indicating lamp will not mean wheel slipping, but will 
indicate that transfer has taken place on one power plant. A sub- 
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sequent brief flash shows that another plant has undergone transfer 
from series to parallel connections. 

Engine Starting Contactors with Interlocks GSL GS2, GS2L 
GS22* These contactors are of the magnetic type and are used for 
connecting the starting winding of the generator to the storage 
battery for starting the engine. They are electrically interlocked 
with the other control apparatus so that when they are closed, the 
generator field contactor and other contactors are locked open so 
that no power current can be applied to the motors until the starting 
contactors open. 

Reverse Current Relay RCL RC2L The purpose of this relay 
is to prevent the battery from discharging through the auxiliary 
generator if the voltage regulator cannot hold the auxiliary generator 
voltage up to its predetermined setting by reason of the engine speed 
being too low or other cause. It governs the action of the battery 
charging contactor Bl, B21, closing it whenever the auxiliary gen¬ 
erator is developing suflBcient voltage to charge the battery and 
opening the contactor whenever the auxiliary generator voltage falls 
appreciably below the battery voltage, 2 or 3 volts. 

The relay has two operating coils, one of which, the shunt coil, 
is connected in series with a resistor tube across the auxiliary gen¬ 
erator; the other, a series coil, is connected so as to carry the total 
current supplied to the battery circuit. This includes all battery 
loads as well as the actual battery charging current. 

The series coil is connected so as to aid the shunt coil when 
current is flowing from the generator to the battery and to oppose it 
when the current reverses. Since the series coil is not connected in 
the circuit until the battery charging contactor is closed, it has no 
effect on the pick-up voltage, but it will govern the drop-out voltage. 

Battery Charging Contactor with Interlock BL B21. The 

battery charging contactor is of the magnetic type and it is used to 
connect the storage battery to the auxiliary generator for charging 
purposes. This contactor is directly controlled by the reverse cur¬ 
rent relay, so that it will not operate until sufficient voltage is flow¬ 
ing to charge the battery against the battery voltage. It also is 
suitably interlocked with other control equipment so that other 
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contactors will not operate until tiie battery charging contactor is 
closed. 

Voltage Control Relay XI, X21. The relay is a dynamic type, 
voltage regulating device, equipped with a counterweight for 
smooth operation under rough track conditions. Constant voltage 
is held on the auxiliary generators over the normal speed and load 
ranges. Special connections are provided so that the auxiliary gen¬ 
erators operate in parallel when both engines are running. 

Whenever the auxiliary generator voltage exceeds the calibra¬ 
tion value, resistance is cut into the shunt field circuit to restore 
the voltage to normal. The opposite action takes place upon a de¬ 
crease in voltage. 

Any circulation of current between the two auxiliary generators 
when operating in parallel, creates voltages of opposite polarity 
across two halves of a resistor. This changes the regulator coil cur¬ 
rents, tending to lower the voltage setting on the auxiliary generator 
transmitting the circulating current, and to raise the setting on the 
auxiliary generator receiving the circulating current. 

Electrical Indicating Instruments V, BA, 132A, 132B. The 
locomotive is equipped with a voltmeter in the battery charging 
circuit and with ammeters in the battery and traction motor circuits. 

The instruments operate on the D’Arsonval principle, using a 
permanent magnet for the field and a coil on the moving element 
for the armature. 

On account of the high current on which ammeters operate, 
they are provided with external shunts to carry the heavy current. 

The ammeters in the main power circuits are calibrated into 
operating zones and are called load indicators. The engineman 
must be careful to follow the operating instructions regarding the 
load indicating zones so as not to damage the motors and generators 
in the main circuits. 

The battery meters should be observed periodically to insure 
proper charge and prevent a run down battery on the road. 

The charging current should be between 0 and plus 5 amperes. 
Immediately after starting up a Diesel engine the charge current 
will be high (about plus 50) but this will return to normal shortly, 
as soon as battery voltage is brought back up to normal. 
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The battery voltmeter should read 75 volts (approx.) when the 
Diesel engines are running and 64 volts when they are shut down. 

D. ELECTRICAL TROUBLES 

General. The presence of trouble is usually indicated by com¬ 
plete or partial loss of power, unusual noises, smoke, or the smell 
of overheated insulation near the damaged apparatus. 

Electrical failures should be relatively rare. In such cases it 
is desirable to know how to replace fuses, and what fuses to re¬ 
move or what switches to throw to cut out the parts in trouble, and 
permit operating the locomotive with as much remaining equip¬ 
ment as possible. 

Overheated Motors. These will be indicated by smoke or 
odor of burning insulation coming from below the floor level. A 
better indication is melted solder from the commutator being thrown 
on adjacent parts. Determine by inspection which motor is hot. If 
motor cut-out switches are provided, cut out this motor. If not, 
shut down the power plant supplying this motor, which will kill 
two motors. 

Flashovers. Occasionally current may jump between brushes 
on the main motors, generators or exciters. This is evidenced by 
noise, sometimes a loud pop, sometimes not very loud. Usually the 
flash goes to ground and trips the ground relay. Inspect the 
machine which flashed over if it can be found. If any serious 
damage has occurred (holes burned in commutators or brush- 
holders burned off or touching commutator) it will be necessary to 
shut down that power plant. Usually damage will be hardly notice¬ 
able, and perhaps the machine which flashed over cannot be de¬ 
termined. In this case, reset the ground relay and try operation 
again. If no further flashovers occur, no action need be taken ex¬ 
cept to report the occurrence at the end of the run. 

Delayed Transition. This would be noticed by the train fail¬ 
ing to pick up speed properly. It can be checked by looking at the 
Si and S21 contactors. If these are closed, the locomotive is operat¬ 
ing in series instead of parallel. Unless a broken wire or some other 
repairable failure is readily seen, transition on plant No. 1 may be 
brought about by pushing CRl relay closed with a stick, and or 
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plant No. 2 by similarly closing CR21 relay. After pushing them 
closed, they should remain so until the throttle is closed. 

Low Engine Speed. If the Diesel engines fail to reach full 
speed, low power will be noted. This may be due to valves not 
operating on the throttle mechanisms located on the side of each 
engine. This may be checked by pressing the armature button on 
top of each of the three valves. If on Notch 8, they should all be 
energized, and if pressing any one increases the engine speed, that 
valve is at fault. This may be due to dirty contacts in the controller 
or on the relays in these coil circuits. 

Loss of Power on Notch 8. If power decreases when taking 
Notch 8, something may be open in the speed switch circuits. If 
it cannot be found readily, the simplest solution is not to go above 
Notch 7. 

Ground Relay Tripping. This will be evidenced by a sudden 
loss of power, alarm bell, and lighting of ground relay lamp. It 
means a ground has occurred. It may be harmless or more serious 
due to a flashover. If there is any reason to suspect a flashover, 
look for burned or smoked apparatus, and proceed as described 
under flashovers. 

If nothing is found, reset the relay and try again without open¬ 
ing the ground relay cut-out switch, so the protection will still be 
available on the second try. Someone should be back in the engine 
room when this is tried, so that if the relay trips again he can note 
if any noises or flashes occur. 

Restarting should be tried three times, an^ if the ground relay 
kicks out each time, that power plant should be shut down or your 
railroad's instructions followed. 

BLOWN FUSES 

Most troubles in the control circuits are indicated by the blow¬ 
ing of a fuse. Sometimes fuses open from age and vibration when 
there really is nothing wrong, and merely need to be replaced. For 
this reason it is a good idea, if plenty of fuses are available, to re¬ 
place a blown fuse and try again. If the fuse blows a second time, 
note what was done by the engineman when the fuse blew, as this 
may be a clue as to what portion of the circuits is at fault. 
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Fuse 106. This is a 225 ampere fuse in the main battery cir¬ 
cuit, and should scarcely ever blow. If it does, it will kill nearly 
everything but the lights. Unless some other fuse should also blow, 
there is not much that can be done unless the cause can be found. 
Except for the possibility of it blowing simultaneously with some 
other fuse beyond it, the trouble will be in the heavy wiring be¬ 
tween it and the battery. 

Fuses 107A, 107B. These fuses handle battery charging cur¬ 
rent from the auxiliary generators. If one blows, the other generator 
will still handle the control loads and charging, so it is not par¬ 
ticularly necessary on the road to do anything. It may be due to 
the regulating relay being set for too high a voltage. The fuse 
should be 200-ampere size. 

Fuses 1TOA or 1 lOB. If one of these fuses blows it will stop 
the No. 1 power plant, and on some locomotives it will shut down 
both power plants. If it blows a second time and no remedial 
trouble can be found, it may be left blown or removed, and reduced 
operation will still be possible from the other power plant (or 
power plants, if running two units in multiple). 

On some locomotives the fuses numbered IlOA and IlOB feed 
all control circuits, and their blowing will kill everything. On these 
locomotives all switches should be opened, and then start up one 
piece at a time. If the fuse blows again, the thing being done at the 
moment will tell what circuit is in trouble. This power plant may 
then be cut out of service to make it possible to operate the balance 
of the equipment. 

Fuses 111, 111 A, lllB, etc. These fuses are all lighting and 
voltmeter fuses and will not affect the operation of the locomotive. 
They should be checked if the battery voltmeter does not read or if 
any lights will not burn, 

Fuses210Aor210B. If one of these blows it will stop the No. 
2 power plant, which may. be treated like power plant No. 1, as 
described under fuses 110A or IlOB above. 

Fuses 310A or 31 OB. If one of these fuses blows, tractive 
power will be lost when running single unit, and also when running 
the multiple unit if one blows on the leading A unit. If 310B 
blows on either unit, engines will stop in the B unit. In some cases 
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opening engine control buttons Engine No. 1 or Engine No. 2 will 
enable continued operation with the remaining power plants. If 
operating in multiple unit, operation may be had from good unit 
by pulling train-line jumpers. If operating in single unit, both power 
plants are out of service until the trouble can be found and reme¬ 
died, unless opening one of the engine control buttons permits the 
other plant to operate. 

Fuses 410A or 41 OB. These fuses feed the compressor and 
fuel pump contactor operating coil circuits. Since these ar? the only 
devices on these fuses, they should rarely blow. If they blow on a 
single unit locomotive, the unit is out of service until the trouble 
can be found and remedied. When operating two units in multiple, 
blowing of fuse 410A on the A unit will shut down all engines. 
In this case, operation may be had from the good unit by pulling 
the train-line jumpers. 

No Headlight. On some locomotives, two sets of headlight 
resistors are provided, with a three-pole, double-throw selector 
switch. If the headlight goes out, this switch may be thrown over 
which will restore the light if a burned out resistor is at fault. More 
likely the bulb has burned out and must be replaced. 

On locomotives with 12-volt headlights, there is an emergency 
switch to feed the light directly from the battery, if the dynamotolr 
or MG set fails. This connection should only be used in emergency, 
as it causes a bad drain on the battery and will run down a fully 
charged battery in a few hours to a point where it might endanger 
its ability to crank an engine. 
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E. LIST OF ELECTRICAL EQUIPMENT 

The following is a list of electrical equipment devices tabulated 
by power plants, giving symbol by which each is indicated on the 
electrical connection diagram, the name of the device and its func¬ 
tion or circuit. 

HEAD END CONTROL SWITCH BS-126-K3 

No. 1 No. 2 Jointly 

Device Symbol Device Function or Circuit 

Used on Power Plant 

{ Automatic alarm bells and 
lights; engine speed and 
propulsion relays 
Propulsion relays and con¬ 
tactors 

(PB) Fuel Pump ) 

FP Switch \ ‘ pump contactor 

AC (PB) Switch .Attendant call alarm bells 


FP No. 1 

ST.l 

Eng. 

No. 1 


A 

A1 


THROTTLE (CONTROLLER) STAND 17KC46D1 

Reverse handle .Controls direction 

Throttle lever .Controls speed 

Fuel pump motor— 
Governor solenoid— 
Auxiliary generator 
Field 

ST.2 ^ • • • • 

(PB) Isolation switch. . 

No. 2 j idling speed 

17HP9A1 (PB) Sander switch.Energizes sander valves 

PUSH BUTTON SWITCHES BS-126-A8 




(PB) Push button switch.Headlight dim 

(PB) Push button switch.Headlight bright 

(PB) Push button switch .... 

\ lights 

(PB) Push button switch.Classification lights 

(PB) Push button switch.Defroster 

A Load indicator . 

/ motors 

A2 AuxiUafy generator .... 

^ plies control power 

AVR Sequence relay.Controls excitation 

Power for control and 
starting 

Shows battery charge and 
discharge 


B Battery. 

BA Battery ammeter . 
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E. LIST OF ELECTRICAL EQUIPMENT— 


No. 1 No. 2 Jointly 
Device Symbol 
Used on Power Plant 


Device 


Function or Circuit 


£21 Battery charging) |Connects auxiliary genera- 

contactor |.^ tor to battery 

BVR Sequence relay.Controls excitation 


CRl 

CR21 

Control relay . 
CR2 Control relay . 
CR3 Control relay . 
CVR Sequence relay 
DVR Sequence relay 

El 

E2 

Exciter ...... 

EFl 

EF21 

Exciter field ) 
contactor j ' 

EVl 

EV21 

Magnet valve . 


G1 

GFl 

GRl 


OPRl 


RCl 

|No.l 

SI 


EVR Sequence relay 


G2 

GF21 

GR21 

GS2n 

GS 22 J 

M3) 

M4j 

OPR21 


FPC Fuel pump contactor 
Main generator. 


(PI P21) 

|P2 P22| 


(Energizes main generator 
1 and field circuit 
(Connects exciter shunt 
field to battery 
Controls air to tlirottle 
operators 

(Decreases 6th notch 
excitation 

[^Energizes fuses IlOA and 
210A. Feeds all engine 
control circuits 
fFurnishes power for trac- 
) tion motors 

Main generator ^ (Energizes main generator 
. field 

Takes load from main gen¬ 
erator upon ground and 
drops engine back to 
idle 

Turns engine! Pos. ' 

over from T 

battery j Neg. 

^Weakens traction motor 
fields for higher locomo¬ 
tive speeds 

^^Takes load from engine 
and lights oil signal* 
lights 

Connects traction motors 
in each pair in parallel 


field contactor 

Ground relay; connects ! 
Motors No. 1 and i- 
No. 3 to ground J 

( Cranking or ! 

engine starting |... 
contactors J 

(Field shunting 
j contactors 


RC21 

Hh 

No, 21 
S21 


relay 


J 


Oil pressure relay . . 

(Propulsion ) 

) contactors J 

Reverse current | (Operates battery charging 


contactor 


Reverser (Changes motor connections 

.^ for direction of rotation 

Propulsion 
contactors 


(Connects traction 
in each pair in 


motors 

series 
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E. LIST OF ELECTRICAL EQUIPMENT—Con^nued 


No. 1 No. 2 Jointly 
Device Symbol 
Used on Power Plant 

S-16 
SR 


Device 


Function or Circuit 


102A 


104A 


107A 


IlOA 


HOB 


113A 


116A 

116B 

118A 


Compressor ] (Maintains air pressure in 

governor (.] main reservoir 

Signal relay .Rings alarm bells 

(Control speed of Diesel 
I engine 

(Prevents pumping in going 


T1 

T2 

T3 

T211 

T22 

T23j 

1 

Magnet valv^es for ) 
throttle operator C * 

TDRl 

TDR21 

Time delay relav. 



V 

Voltmeter . 

VI 

V21 


Transition relay . 

WSl 

WS21 

Wlieel slip relay. 

XI 

X21 


Voltage regulating relay 


3 

1 

Traction motors . 

1 2 

4 




parallel 


I 


slip when in series 
ontrols auxiliary ge 
tor voltage 


102B 


104B 


107B 


113B 


100 


105 

106 


108A 

108B 


lllA 

lllB 

me 

HID 

H5A 

H5B 


I wheels and rail 
Switch—400-amp.Disconnects battery 

Switch-60 amp.(Disconnects ground 

f relay 

Speed switch .(Controls engine speed on 

^ I 8th notch 

Shunt—200-amp.Battery ammeter 

Fuse—225-amp.Battery 


Fuse—200-amp. 

Fuse—60-amp. 
Fuse—60-amp. 
Control fuse 
—30-amp. 
Control fuse 
—30-amp. 
Fuse—30-amp. 
Fuse—30-amp. 
Fuse—30-amp. 
Fuse—30-amp. 


Pos. 

Pos. 


Auxiliary ) 
generator ( 

External battery) 
charging ( 

No. 1 Engine Control Posi¬ 
tive 

No. 1 Engine Control Neg 
ative 

(Headlight 
and 

Interior 
[Lighting 


Pos. 

Neg. 


Positive 

Negative 

Positive 

Negative 


H6C 

H6D 

H8B 


Fuse—15-amp.Aux. Gen. Field 

Fuse—30-amp. ^ (Boiler water^ Positive 

Fuse—30-amp. (.| Pump motor ( Negative 

(Connected across speed 

Capacitor .4 switch contacts—prevents 

( arcing 

Governor solenoid .Admits oil to governor 
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E. LIST OF ELECTRICAL EQUIPMENT—Contmued 

Fiinction or Circuit 


No. 1 No. 2 Jointly 
Device Symbol 
Used on Power Plant 


Device 


123A 


124A 


123B 

124B 


138 


138 

210A 

210B 


25-lb. oil pressure) 
svyitch J 

20-lb. oil pressure I 


127 

switch 

Transformer . . 

128 

Receptacle ... 

13Q 

Sw’itch DPST . 

139 

Shunt for load 
indicator 
Magnet valves 


Fuse—30-amp. 
Fuse—30-amp. 

310A Fuse—30-amp. 

31 OB Fuse—30-amp. 
410A Fuse—30-amp. 


410B 

9013 


Fuse—30-amp. J 

Pneumatic control ) 
Deadman switch \ 


{ Takes load from main 
generator—drops engine 
back to idle 

... Shuts down engine 

.125/75-volt a-c for lights 
^For attaching outside 
source of a-c for lights 
^Connects lights to battery 
or to transformer 

.. .In negative motor lead 

. . .Operates Sanders 

(No. 2 Engine Control Posi- 
) tive 

^No. 2 Engine Control Neg- 
I ative 

(Voltmeter and Positive 
I multi{)le unit Positive 
. .Control devices Negative 
("Fuel pump 
(Contactor and 
compressors 

1 Control circuits j Negative 
Cuts off power to traction 
motors—holds engine 
down to idling meed 


F. CONTACTOR AND RELAY SEQUENCES 

The contactor sequences is the order in which the various 
power switches and relays are closed under different conditions as 
shown on the connection diagram contactor sequence table. They 
can be observed tlirough the mesh screen doors. In this way it is 
possible to be sure that all the proper connections are being made. 
The change or transfer from one set of connections to another is 
called transition. 

Series to Parallel Transition. The transition from series to 
parallel is brought about by the transfer and field shunting relay, 
VI and V21. This relay has coils measuring generator volts and 
amperes, and controls the transition. 
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Parallel to Field Shunting Transition. When the locomotive 
speed reaches the transition point for field shunting operation, the 
transfer and field shunting relay V again picks up, and this time 
connects resistors which shunt some of the current out of the motor 
fields. This results as before in a lowering of generator voltage 



Fig. 1. Contactor and Relay Sequence Table 


and an increase in generator amperes, permitting still further ac¬ 
celeration of the locomotive at full horsepower. 

Field Shunting to Parallel and Parallel to Series Transition. 

If a grade is encountered which slows down the train, resulting in 
increased current and falling voltage, the relay may drop out again. 
This will unshunt the fields, decrease the generator current, and 
increase the voltage. This returns the motors from the reduced field 
(field shunting) to the normal parallel connection. No amount of 
reduction in locomotive speed will automatically return the motors 
to the series connection. If the grade is heavy enough to overload 
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the motors in parallel motor connection, the throttle must then be 
shut oflF and opened again. The motors will then come back in series 
as on any start, and remain there until the grade eases and the 
locomotive accelerates when the series to parallel transition will 
again take place. 

Motor Cut-Outs. To cut out both motors in one plant, isolate 
that engine. On locomotives so equipped, one motor may be cut 
out of either power plant by operating its respective cutout switch. 
With one motor cut out, changes are made in the excitation circuit 
so that the corresponding generator output is cut approximately in 
half to compensate for the loss of one motor. This condition holds 
whether the good plant s motors are in series or parallel connection. 
Reduced field (field shunting) on the single motor is obtained 
whenever the good plant’s motors are shunted. In this way the 
single motor at all times carries very close to its proper share of the 
load. 

Contactor and Relay Sequences. The sequence of operation 
of the various contactors, relays, and magnet valves for each throttle 
notch and transition point is spotted in the above table. (Fig. 1.) 

This sequence is based on transfer from motors in series to 
motors in parallel occurring on Notch 8 and simultaneously in both 
plants. 

This transfer may occur on one plant a little before the other, 
and it may occur on any notch. If it occurs prior to Notch 8, se¬ 
quence of motor contactors is the same, but the sequence of AVR, 
BVR, CVRy DVR, EVR, relays and T-valves is completed afterward. 

Not shown are the B1 and B21 contactors which are controlled 
by RCl and RC21 relays. They are normally closed at all times 
after engines are running. 

The circuit relations between the various components of the 
locomotive electrical equipment are shown in a series of eight 
schematic diagrams. Figs. 4 to 11 inclusive. 

The connections between the various components of the loco¬ 
motive electrical equipment are shown on a tvpical locomotive con¬ 
nection diagram. 

Figs. 2 and 3 show the arrangement of the fuses, switches, con¬ 
tactors, relays, and reversers. 




Contactor and Relay Cabmet 




AVR BVR CVR CR? CFQ DVR BVR GRI RC21 WS2I Slb^ RELAY 
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Contactors and Relays. The more important contactors and 
relays are shown in Fig. 2. Observe these contactors occasionally 
while on the run with the engines running. 

1. Contactors, GFi, £FI, FPC, OPRI, OPR21, EF21, GF21, 
with symbols underlined should be closed when the throttle is in 
any notch, 1 to 8. The reversers must be in either forward or re¬ 
verse position. 

2. In series the contactors SI, S2I, with encircled symbols 
must also be closed. 

3. In parallel the contactors PI, P2, CRI, CR21, P21, P22, with 
symbols in solid box must be closed. During transition from series 
to parallel VI and V2I will close momentarily. GFl and GF21 
will drop open momentarily. 

4. In motor field shunting or reduced field connections the con¬ 
tactors Ml, M2, MS, M4, and relays VI, TDRl, V21, TDR21, with 
symbols in broken box must be closed and also those with symbols 
in solid box PI, P2, CRI, CR21, P21, P22. 

5. The remaining contactors and relay positions not indicated 
above are shown in Fig. 3. 

Fuses. The fuses shown at the various positions are as follows;— 

(A) 107 A—Auxiliary generator—No. 1 engine—200 Amps. 

(B) 107 B—Auxiliary generator—No. 2 engine—200 Amps. 

This fuse cannot be seen well in the photograph. It is partly ob¬ 
scured by the angle irons, 

(C) The two bottom fuses at this position are 100 ampere fuses 
for the steam generator. The top two fuses shown are external 
battery charging fuses when used. 

(D) 106—Main battery fuse—225 Amps. 

(E) Reading from front to back, these fuses are as follows: 

30 amp.—110 A—Positive control 

SO amp.—110 B—Negative control 
30 amp.—Ill A—Lamp circuit 
30 amp.—Ill B—Lamp circuit 
30 amp.—Ill C—Lamp circuit 
30 amp.—Ill D—Lamp circuit 

30 amp.—113A—Auxiliary generator field (when used) 

30 amp.—113 B—Auxiliary generator field (when used) 
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10 amp.—back-up light 

10 amp.—marker light 

10 amp.—vestibule light 

10 amp.—contactor compartment lights. 

(F) Double throw switch No. 101 for lighting circuits. (Throw 
up for lighting during locomotive operation; throw down for power 
from external source.) 

The contactors and relays marked in Fig. 3 are those which 
were not marked in Fig. 2. They function as follows: 

Relays. The following relays will lose for the various throttle 
positions: 

Notch 2-AVR 

Notch 3-CVR 

Notch 4-AVR, CVR 

Notch 5-RVR, DVR 

Notch 6-AVR, BVR, CVR, DVR, £VR 

Notch 7-BVR, CVR 

Notch 8-AVR, BVR, CVR, CR2 

Relays AVR, BVR, CVR, DVR, and EVR, control the magnet 
valves on the operating mechanisms at the engine governors and 
also control exciter field relay. Relay CR2 cuts in the speed switches 
when the throttle is in Notch 8. 

Engine Start— GSl, GS21, GS2, GS22 closed, all others open. 
Engines Idling— RCi, RC21, Bl, B21, FPC, OPRl, OPR21 closed, 
all others open. 

Engine Stop— CR3 and DVR close, all others open. 

RCI AND RC21 control Bl and B21. They should be closed 
normally for battery charging all the time the engines are 
running. 

GRl AND GR21 are ground protective relays. If one should 
latch closed its power plant will be cut out. 

WSJ AND WS2 operate the wheel slip light to indicate wheel 
slippage. 

G. SIMPLIFIED SCHEMATIC DIAGRAMS 

Eight simplified schematic diagrams together with a complete 
locomotive connection diagram (omitting duplicate circuits for 
No. 2 power unit) are shown on the following pages. 
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While these diagrams are typical for all ALCO 2000 Hp. Road 
locomotives now in service, it is understood that some circuit con¬ 
nections may differ on particular locomotives, depending on require¬ 
ments. 
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Fig. 5. A Typical Traction Power Circuit with Connections for the 
Associated Operating and Protective Relays 
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T>Tpical Traction Excitation Circuits 







Head End Control SwtrcH 
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Typical Battery Charging Circuits 











He AD End Control Switch 
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Fig. 10. Tv-pical Alarm and Signal Circuits 
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Instruments and shunts (BA, 102, 

112) .326 

Insulators . 7 

Interlock data .293 

Interlocks.186, 292, 353 

K 

Knife switches .180 

L 

Lamp series resistors.213 

Lighting and control switches... .209 
Load regulator and pilot valve 

operation .209 

Locomotive connection diagram 

circuit analysis .335 

Lubricofrion .127, 287 

of anti-friction bearings.253 

of armature bearing.140 

of axle bearings.143 
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Lubricotion —continued 
chart .242, 243 

M 

Magnet coil and valve.159 

Magnet valve inspection and 

maintenance .168 

Magnet valves.294, 299, 300 

Magnetic contactors .289 

Main battery switch.212 

Main generator .201 

Master controller.176, 286, 330 

Meters .213 

Motive power. 99 

characteristic curves of Diesel 

motive power .103 

comparison of traction motors.. 104 
Diesel motive power application 
to determine locomotive 

weight and power.105 

drawbar pull . 99 

estimating degree or radius of 

track curvature .108 

estimating equiA^alent grade of 

railroad .109 

estimating grades .108 

fuel consumption .107 

horsepower developed at wheels 

of locomotives.103 

maximum tractive force.101 

maximum useful horsepow^er for 

propulsion .1(X) 

safe wheel load on track.109 

steam and Diesel performance, 

comparison of .107 

swivel truck operation around 

curves .108 

traction motor revolutions per 

minute .104 

tractive force . 99 

values of adhesion. 99 

weight transfer .101 

weight transfer compensation. .102 

Motor control circuit.216 

Motor-gear unit of GE light 

weight Diesel locomotive. .113 
Motors .205 
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Ohm . 7 

Ohm^s Law . 35 

applications . 39 

electrical nieahinenients . 35 

learning . 36 

pressure . 41 

three factors of electric circuit.. 35 
Oil shut-down magnet valve.212 

P 

Pinions .147 

applying .147 

removing .148 

Power equation . 43 

Pressure . 4 

Propulsion equipment of Alco-GE 

Diesel-electric locomotives. 349 

auxiliary generator Al, A2.349 

direct current traction motors 

1, 2, 3, 4.350 

exciter El or E2.349 

field control or speed switch 

104A, 104B .350 

main generator Gl, G2.349 

Push button box.180 

Push button control switch—117 

(type 17HP4L3) .325 

R 

Radius of track curvature, 

estimating .108 

Resistance . 6 

Resistance data for voltage con¬ 
trol relay resistor unit.320 

Resistors 

shunt field .213 

type EW .326 

type M .189 

Reverse current relay.191, 208 

Reverse current relay RC (type 

17LC19D5) .302 

Reverser data .294 

Right-hand rule . 17 

Roller bearing, removing.132 


Safe wheel load on track.109 

Sander switch-122 (type 

17HP9A1) 333 

Schematic diagrams of Alco-GE 

Diesel-electric locomotives. 371 

Series holding switch.329, 334 

Slip rings, function of. 25 

Steam and Diesel performance, 

comparison of .107 

Storoge batteries, mointenonce and 

operation .173 

annual inspection .175 

cleanliness .174 

freezing points of battery.174 

full charged specific gravity 

battery .173 

operating schedule .173 

readings and records.175 

water additions .174 

yard charging .176 

Switches and fuses.180 

Swivel truck operation around 

curves .108 

T 

Tachometer .213 

Tests, ICC high potential.244 

Throttle operating mechanism 

(type 17MK3L9) .332 

Throttle switches—101, 110 (type 

PS-21) .323 

Throttle toggle switch.190 

Tools 

for generator unit.126 

for magnet valves.169 

for traction motors.155 

Traction generator.256 

description .256 

disassembling parts for repair. .257 

function .256 

generator coils, types GT-552-A 

and GT-553-A .261 

maintenance data.263, 266 

reassembly of generator.261 
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Traction motor revolutions per 


minute .104 

Traction motor tranter and field 
shunting control relay-V 
(type 17LC18E2) .305 

Troction motors .137, 204 

axle bearings .143 

bearings .140 

brushholder and brushes.152 

commutators .154 

comparison of .104 

general data .137 

hot bearings .146 

pinions, applying .147 

removing .138 

removing armature .139 

removing and replacing held 

coils .150 

testing direction of rotation... 149 
tools .155 

Tractive force .99, 101 

Train movement . 94 

acceleration . 97 

balancing speed . 97 

curv'e resistance . 97 

grade resistance .96 

to determine train spc'C'd. 98 

tram resistance . 94 

Transmission equipment .59 

auxiliary generators . 67 

control apparatus and circuits.. 74 

differential field exciters.67 

electrical auxiliaries . 73 

General Electric drive system.. 70 

keys to study of Diesel electric 

systems . 78 

mam generators . 59 

motive power . 99 

symbols . 89 

traction motors ..63 

train movement . 94 

V 

Valve leakage .165 

V-blocks .183, 184 
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Volt . 5 

Volt setting for voltage control 

relay .309 

A^'oltage control relay X (type 

17LH22C1) .307 

Voltoge regulotor .180, 208 

adjustment .184 

condensers .184 

current-limiting element .184 

description .181 

maintenance .183 

Voltages, high potential.245 

Voltmeter . 5 

W 

Wheel slip relay.209 

Wheel slip resistors.213 


Wheel slipping signal relay—WSl,* 
WS2, (type 17LV24E1)... .322 

Wiring diagrams of Electro-motive 
equipment 

battery charging circuit... .214,228 
electrical accessories circuit... .215 

engine control circuit.235 

fuel pump circuit (“A” unit)...231 
fuel pump circuit (“B’^ unit)...230 
fuel pumj) and defroster circuit.229 
generator battery field 

circuit .220, 237 

generator field circuit.222 

generator shunt field circuit... .221 
high voltage circuit... 223, 224, 238 
journal thermocouple circuit.. .239 

lighting circuit.218, 219 

lighting circuit (“B” unit).232 

master wiring schematic for 
1000 hp. switching locomo¬ 
tives .225 

master wiring schematic for 600 
hp. switching locomotives. .226 
motor control circuit. .206, 207, 236 
signal and alarm circuit (“A” 

unit) . 233 

signal and alarm circuit (“B” 

unit) .234 

starting circuit.210, 211, 227 






























































